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ORIGINAL ARTICLES 

STUDIES ON DAHl* 

I. INTRODUCTION AND HISTORICAL REVIE'W 

By H. Laxminarayana and K. K. Iya, Indian Dairy Researcli Iiistitate, 
Bangalore 

(Received for publication on 8 January 1951) 

I jAHI (Sanskrit: dadhi) is an important fermentation product of milk used in 
tins country since times immemorial as an article of diet, as a refreshing 
beverage and as an intermediary in the manufacture of desi butter and ghee. It 
has received great prominence in Hindu religious rites and numerous references to 
daM can be found in the Yedas and other ancient Hindu scriptures. It also finds 
extensive use in the Ayurvedic system of medicine [Dutt, 1877]. As early as the 
second century A.D., the sages CJiarha aiid. Sushruta [Kaviratna, 1922; Bhisha- 
gratna, 1907] described the nutritive value and therapeutic properties of dahi. 

Dahi is prepared by the lactic fermentation of milk. While the coagulum 
obtained by souring whole milk is generally called dahi, the term lam is used to 
denote either a similar product made from skim milk or the popular drink prepared 
by beating dahi into a homogenous liquid. The liquid remaining after dahi is 
churned and the butter removed, is often called lassi, chass or mattha, and is thus 
different from butter milk, which is the by-product obtained from the churning 
of cream in the manufacture of creamery butter. 

Fermented milhs 

DaM may be regarded as the Indian counterpart of Yoghurt, Kefir, and other 
fermented milk preparations called by a variety of local names in different countries. 
Most of these fermented milks are stated to have originated in the south-eastern 
parts of Europe, the Middle East, India and other Asiatic countries, where the 
tropical or sub-tropical conditions necessitated the preservation of milk from under- 
going rapid spoilage by proteolytic and gas producing organisms ; conversion of 
milk into a sour product by lactic acid fermentation offered the best means for the 
purpose. Accordingly, milk obtained from various species of animals, e.gf., cow, 
camel, ewe, mare, buffalo and reindeer, has been utilised iii this form since the 
earliest ages. Various methods of providing favourable conditions for the desired 
type of fermentation have been in vogue, e.g., (i) addition of previously soured 
milk or a small piece of decaying vegetable or animal matter to establish a pre- 
])onderance of lactic acid organisms in the milk, (ii) holding milk at high teinpera- 
ture.s to ])ermit natural souring to take place as a result of the action of organism 
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derived from the utensil or atmosphere, or (iii) use of containers like skin bags, the 
unclean sur&ces providing the requisite contamination of milk-.souring organisms. 
In actual practice the fermentations are brought about by a mixture of organisms 
due to the primitive methods followed in the preparation of fermented milks. The 
numerous fermented milk preparations of different countries ^oan be divided into 
two broad groups, namely, one in which acid production hyMactlc-iici d ba cteiio. 
is the principal feature, with little or no alcohol formation, and the second in which 
% ajco holic ^ fermentation by yeasts plays an important part along with lactic acid 
fermentation. Some of the important fermented milks prepared in different parts 
of the world are indicated in Table I. 

Table I 


Fennented milks in different parts of the worW' 


Name of | 

Name of country 


1 

Distinctive 
characteristics j 

I’riiuiipal orii:.anisuis 

fermented 

preparation 

where it is 

Used 

Kind of milk n.sed 

tiikiug part in the 
fermentation 


(ffl) Predominantly lactic acid fermentation with little or no alcoliol xn-oduction 


Yoghurt (Bulgarian 
milk) 

Bulgaria and 

Turkey 

Cow’s buffalo's, 

sheep’.s, or goat’s 
milk (pasteurised 
or partially 

evjiporated) 

A thick curdled milk ; 
highly acidic ; con- 
tains lit tic dr no 
iileohol 

Miilnly lactic acid imeteria 
L. yn{ihrirt, L. hiilunrlcutt 
anil .S'. thiinHophihiB 

BlaKiin 

Amienia 





Gioddu 

Sardini.i 





Huslanka 

Skyr 

E. Carpathians 

Iceland 


Cows, huifalo's 

> or gont-’s milk 


L. hulparicus, L, ynglimf, 
S. huik, yeasts iiinl 
Oidin 

'i’arlio 

Balkans 





Slejszoradu 

Sicily 





Taetw' 

S c a 31 d i K a V i a n 
countries 

Cow’s milk (raw) 

Slimy cioiisisteney 

S. laiiis var. kdla'/ulitHS 

Plimaa | 

Finland 

Skim milk 

do. 

do. 

Saya 

Far Eastern coun- 
tries 


Raw milk 

Considerable amount 
of gas (COa) irnd 
proteolysis 

,S. laetis and lactobaeilll 


(fi) Alcoholic fermentation in addition to the usual lactic aedd production. 


Kafir 

Caucasus, Southern 
.llu.ssia 

Cow’.s, sheop’.s or 
g(jat’.s niilli 

Many cauliflower like 
grains pre.sent in a 
goat skin bag used 
for ftUinouting the 
milk ; alcohol 

flavour 

,S. Inctis. a. lcejh\ L. casci ; 

lactose fermenting 

tonilao ; contiiininanis 
such !is E. coll A. 
cloacae, li. swhtilis, 
etc. arc also found 

Koumias 

Siberia, Southern 
Russia Central 
Asia 

Mare’s milk (raw) 

Preliminary acidic iind 
later iilcoholie fer- 
mentation (alcohol 
concentration up to 

3 per cent) ; offtirvc.s- 
cent 

L. biilyarictiH, toruUu; 
(lactose fcrnieiitnig), 

li. lactic aciili. 

Paiiira 

Lapland 

do. 

do. 

ilo. 


» !lo,«ers [1910], Uasaer [1931], Corminfeoenf [1033], The Associates of Kogors [193fi|, T, ■timer [39‘M] 
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Table I — contd. 


Fermented milJcs in different ‘parts oj the xvodd—Gontd. 


Xame of 
fermented 
preparation 

Name of coimtry 
where It is ■ 
used 

Kind of milk used 

Distinctive 

characteristics 

Principal organisms 
taking part in the 
fermentation 

Kuban 

Soutiiorn Uussia 

Pasteurised milk 

Slimy and alcoholic 

L. ImtU mr. hoUandicus, 
L. Indgaricm and yeast 

Lebeii . 

Egypt 

Cow’s, goat’s or | 
buffalo’.s milk 


Lactic acid bacteria, 
yeasts and mycoderma 

Kaekier-milk 

Norway 

Boiled milk 

Large quantities of 
Lactic acid (2-6 per 
cent) and alcohol 
(O-5-l'O per cent) 

Kopy milk organism 

Urda 

Carpatliian jnoun» 
tains 

Sheep’s milk 

‘ Sparkling whey ’ 

Lactose fermenting yeasts 
and Latic acid bacteria 

Sknta or (Whey 
diampagno) 

Chile 

■Whey 

Alcoholic 

Lactose fermenting yeasts 
and lactic acid bacteria 

’Biisa 

Turkestan 


Alcoholic 

do. 


The first group is typified by Yoghurt (also called Yoghourt, Yaourt or Bulgarian 
Biilk) made ill Bulgaria and Turkey, where it is one of the most popular fermented 
m ilk drinks. It is thick, curdled milk, which is decidedly acid and contains little 
or no alcohol. In this Product, the fermentation is usually brought about almost 
exclusively by lactic acid bacteria, •which have now'’ been identified as Streptococcus 
tkermophilus, Thermobacteriwn yoghurt (Orla Jensen) and Lactobacillus bulgaricus 
[Rosell, 1933 and 1935]. These organisms by their combined activities bring about 
the rapid coagulation ^milk. While the streptococci initiate the fermentation 
and are also responsible for the pleasant flavour associated wdth this product, the 
laotobacilli produce high acidity (kO to 2-0 per cent or even more). Yoghurt is 
made from either pasteurised or partially evaporated cow’s milk, or in some cases 
from sheep’s, goat’s or buffalo’s milk. In addition to the organisms which produce 
a lactic acid fermentation, there are also some peptonising bacteria present which 
produce a partial proteolysis of the casein [Harvey and Hill, 1948]. Occasionally 
a mild alcohol flaimur is produced by certain lactose fermenting Saocharomyces 
[Rettger, 1923 ; Corminboeuf, 1932]. 

Tarho (Balkans), Mazun (Armenia), Gioddu (Sardinia), Mezzoradu (Sicily) 
Hiislanka (East Carpathians) and Skyr (Iceland) are stated to be products similar 
to Yoghurt ; their fermentations are caused by high acid-producing rods resembling 
L. bulgaricus [Gasser, 1931 ; Corminboeuf, 1933]. Other organisms found in them 
include large rods resembling Yoghurt bacilli, yeasts, torulae and Oidia. It is 
stated that the leaves of certain plants like butter-\rort are used as inoculum for 
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preparing Huslanka [Olsen-Sopp, 1912; Heinemann, 1911]. Taette is a sour milk 
used ia Scandinavia and in whicb. a slimy fermentation is caused by a variant of 
lactis called 8, taette (probably 8. loictis var. Jiollandicus). Piimae is a similar 
product prepared from skim miiii: in Finland [Gasser, 1931]. Saya is prepared in 
tlie East from unheated milk by first ripening with 8 . lactis and later with lacto- 
bacilli. A considerable amount of gas (probably COg) is produced and proteolysis 
also oGoui's [Gasser, 1931; The Associates of Rogers, 1936]. 

The second group of fermented milks includes Kefir, Leben, Koniniss, and 
other less known products. Of these Kefir (or Kephyr) is one of the oldest varieties 
of fermented nrilk manufactured from the milk of cows, sheep or goats. It is 
believed to form a considerable jiart of the food of mountain dwellers of the Caucasus 
region, who prepare it in leather bottles made from goat skin. In this product the 
fermentation is brought about by Kefir grains which resemble miniature cauliflowers 
in shape and structure and consist of casein, yeasts and bacteria. Various species 
of microorganisms have been isolated from Kefir, e. g,, 8. lactis, 8. hefir, Dispora 
caucasica {L, caucasicum Beijerinch), StreptobacUrium casei, SaccJmromyces Icefir, 
lactose fermenting torulae, Oidium lactis, Bacillus suhtilis and butyric acid bacteria 
[Corminboeuf, 1933, Burke, 1940, Orla Jensen, 1942, Tanner, 1944]. The lactic 
acid bacteria produce lactic acid while the yeasts produce about 1 to 1*2 per cent 
alcohol. Occasionally organisms resembling B. coli and B. cloacae are also said to 
be present and they produce gas as well as a slimy consistency in the kefir. The 
fermentation is usually carried out in closed bottles so that the gas is retained and 
the iiiilk becomes effervescent. Koumiss (Knmys), used extensively in Siberia, 
Central Asia and Southern Russia, is also prepared by a preliminary acidic and 
subsequent alcoholic fermentation of nnpasteurised mare’s milk. It has a higher 
concentration of alcohol (about 3 per cent) than Kefir and is a highly effervescent 
drink. The fermentation is due to L. bulgaricus principally while lactose fermenting 
torulae md Bacterium lactis acidi (Leichmanii) play a secondary part [Voitkevich, 
1934 ; Tanner, 1944]. Panira, a product similar to Koumiss is used in Lapland 
[Gasser, 1931]. Kuban, a product used in Southern Russia is made from pasteu- 
rised milk by a combined lactic and alcoholic fermentation. The miorofiora include 
a lactic streptococcus resembling 8. lactis var. holhndicus, a lactic acid rod of the 
L. bulgaricus type and three types of yeasts [Bogdanoff, 1934]. Leben is anothei' 
fermented milk prepared by Egyptians from the milk of cows, goats or buffaloes 
and the fermentation is brought about by the joint action of lactic acid bacteria 
and yeasts [Khoiiry and Rist, 1902]. Kaelder-milk (cellar milk) is a Norwegian 
product prepared by inoculating boiled milk with a special variety of ropy milk 
and keeping it cold. Large quantities of lactic acid (2*5 per cent) and some alcohol 
(0*5 per cent) are formed which enable the product to keep well [Rettger, 1923]. 
It is often used as a substitute for fresh milk by Norwegian peasants. Urda is a 
strongly alcoholic beverage prepared in the Carpathians from sheep’s niillr, a.ud 
sometimes known as Sparkling whey. Whey champagne or Skiita is a similar 
product prepared in Chile by the fermentation of whey through the agencjy (»f 
lactose fermenting yeasts and some species of lactic acid bacteria [Rettger, 1923 ; 
Harvey and Hill, 1948], Another variety of fermented milk containing up to 
0*78 per cent of lactic acid and 7*1 per cent of alcohol is used in Turkestan under 
the name Biisa [Chekan, 1922]. 
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In recent years special fermented milks under tke name cultured milks' 
have become very popular in Europe and America. Tbe most important of these 
are ‘Bulgarian butter milk ’ and ‘Acidophilus milk'. Bulgarian butter milk is 
prepared by souring skimmed or whole milk with, a pure culture of Lactohacillm 
hulgaricus and the product is viscous and highly sour [Burke, 1938]. In the pre- 
paration of Acidophilus milk pure cultures of Lmtobacilhis acidophilus are used and 
the product is not as sour as Bulgarian butter milk [Knaysi, 1932]. It is greatly 
valued for its reputed therapeutic properties. Pure cultures of Streptococcus 
pameitrovorous are sometimes used for the development of desirable flavour in 
cultured milks. In order to improve the taste and nutritive value of the products 
various fruit juices and special flavouring substances are sometimes incorporated. 
Several modifications, involving the use of skimmed milk, w’hole milk, cream, 
condensed and dried milks or whey, and the manufacture of refrigerated or iced 
butter milk and dried butter milks constitute some of the latest developments in 
this field of dairy industry [Burke, 1938 ; Cronshaw, 1947]. 

It is evident that in the various fermented milk preparations lactic acid bacteria 
are the principal agents taking part in the fermentative processes. The fermenta- 
tion of lactose into lactic acid is the primary chemical change sometimes accompanied 
by the production of volatile acids and gas or a mild alcoholic fermentation brought 
about by yeasts. There may be a slight increase in the soluble nitrogen content 
due to the action of microorganisms on proteins. Van Slyke [1928] and recently 
Khambatta and Dastur [1960] investigated the various changes in the constituents 
of milk occurring during the process of souring. The lactic acid bacteria occurring 
in fermented milks can be divided into three main, groups according to the latest 
taxonomical classification of Bergey [Breed and others, 1948]. The first group 
includes the common milk souring organism, Streptococcus lactis ; the high tempera- 
ture milk souring streptococcus, L. tliemnophilus ; and 8 . cremoris, used for the 
ripening of cream. They produce mainly lactic acid by the fermentation of lactose, 
the final acidity reached being one per cent calcuiated as lactic acid. The second 
group includes the high acid producmg lactobacilli, L. caucasicum, L. hulganous^ 
L. acidophilus. L. casei and L. plantamm. The first two species are most common- 
ly associated with the sour milks, while L. acidophilus is primarily an intestinal 
organism, whose presence in feimented milks is considered of therapeutic signi- 
ficance. 'All these lactobacilli ferment lactose mainly to lactic acid, usually up to 
2'6 per cent or rarely 3*5 per cent titratable acitoy, and on account of tlieir higher 
acid tolerance they always predominate over streptococci in course of time. The 
hetero-fermentative lactobacilli (Betabacteria), which grow slowly and produce 
acetic acid, propionic acid and other volatile compounds as well as carbon dioxide 
and hydrogen in addition to lactic acid, come under this group. ^ The third group 
includes the so-called”^ ‘ aroma bacteria’ — S. citromrous and S. pameitrovorous, 
which are slow acid producers and can only grow in association with other lactic 
streptococci. They produce lactic acid together 'with volatile acids and gas but 
their main importance consists in their ability to form acetyl methyl carbinol 
(acetoiii) and its oxidation product diacetyl by the fermentation of citric acid or 
citrates in milk. The formation of diacetyl is considered to be responsible for the 
characteristic aroma associated with many fermented milks. '^Next in, importance 
to lactic acid bacteria are the yeasts (Saecharomycetes and Tomlae, as well as 
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some Mycodemia specieB) and 

pxodncts as tlie acidic gJcoliol together witli carbon 

produce smaller or larger amomite ot aicoM^^^ ducose and galactose. VaBO 

Lmentation of lactose or its break-d^ Fod n 

tvoes of fungi, of which species of Oidmin a_e p I ^ decomposition of oasem 


fermentation oi iaouu.^c, v,. nerhaps most irequeuuy v.....^-- 

^ .e 

some data available tegaxdiag tbe compo-‘>™ ^ 

presented in iable II. 

Table II 


Ghen 

VbCdl 60)yhp0SUWrb Uj O 
rotal -p.jf, Protf'i'i ^ 

T.actoso Ash j 

Lactic Alcohol 




a(a*l 

Wiiltir 1 

soliils 








7--3I) 


0-40 . 

1-38 

0-80 

0-20 


Yosluii't 

7lVt.fi 




1." 


0-00 

0-6 



r 88-3 
} to 


' 2-8 
to 


to I 


to 

0-00 

1-1 


.Kefir 

I 80-0 

SO-23 

13-77 

3-3 

3-38 

4-74 

l!.i 

0-00 

1-00 





11-75 1 



4-30 

0-85 

•3-00 

0-37 1 


'Carho* 

88-2r.] 


1.-40 1 

2-84 

3-07 

1-44 

0-37 

0-60 


0-03 

I'afitte^ (ONVeoUsoUl) 

83-04 







'>■63 

1-03 

n-S8 

Koumiss (sepiU'ated 

cow’s inuK)* 

8;V03 


0-83 

2-02 

3-11 

0-44 

0-80 





1-27 

1-OL 

1-23 

0-20 

1-01 

1, i-o-> 


KoamUy (i-ftate's ufiHi) 

01-5i 

5 









\ 

— — 

avoit’iivbl 

,[1034) ».:iUgaes[1038] - . -.i- 


TUrc^^Momdn^Urmyiuddi^ji^of^f^^ 

1 Plr<5 qmon2‘4 many peoples is due to tlieir repute*! 

Tlio popularity of terinented IgniWce, in addition to their use. aa 

therapeutic properties of preserving milk in a smtaWo lonii 

retroahing beverages. Ihey • periods than is possible with sweet milk. .Uu> 

lor human consumption ova 1 ^^nanoe of health and in the troatimnit of 

”SSSS!«rs"hls been long recognised in India. Both Snshruta and 
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Charaka, the great exponents of AyuTYeclic system of medicine in tlie 2n,d century 
B.C.j have referred to the value of curds in promoting appetites in increasing the 
vitality, in curing dyspepsia., diarrohea, nasal catarrh, dysentery, inte.rmittent 
fever and other diseases and in maintaining the balance of the three bodily humors 
mz., Yayii, Pittani and Kapham [Bhishagratna, 1907; Kaviratna, 1922]. They, 
however, warn that improperly prepared curds may be harmful to the system. 
TaJcra (butter milk prepared by adding one fourth part of water to whole milk 
curds) has been described as having cooling, appetizing and tonic properties and as 
useful remedies in cases of diarrhoea, dyspepsia, urinary diseases, etc. The above 
authors also consider that the habitual use of butter milk is conducive to better 
health and increases resistance to diseases, although it is not recommended for the 
weak or tuberculous patients nor for those suffering from fever and nervous de- 
bility. 

Metschnikoff [1901] and Douglas [1911] were perhaps the earliest European 
workers to indicate the value of fermented milks in intestinal disorders. Met- 
schnikoff put lorward the theory that the decay of the human body was due to the 
absorption of toxins resulting from microbial protein decomposition in the intestines 
and that such putrefactive processes could be controlled by the use of butter milk, 
especially Bulgarian milk, resulting in imporved health and longevity. The Bul- 
garian bacillus (A. hidganmis) — the souring organism in Bulgarian milk — could 
be transplanted and developed in the intestinal tract by daily ingestion of fermented 
milk. The high acidity produced by these organisms was responsible for inhibiting 
the growth of putrefactive organisms in the intestine. It was subsequently estab- 
lished [Rettger, 1915 ; Kopeloff, 1925] that L. bulgarieus could not be propagated 
in the intestinal tract but that the Acidophilus organism {L. mido'phiius), which 
was a normal inhabitant of intestinal tract, could be induced to grow there by creating 
favourable conditions for it. Myers [1931] demonstrated that the most important 
consideration for successful implantation was the use of a proper strain of L. acido- 
philus adapted for growth in the intestine. Kopeloff [1923] has stated that patients 
taking Acidophilus milk containing viable cultures of the organism were relieved 
from constipation. Apart from the role of the added lactic acid organisms, the 
acid of soured milk and the lactose content have also been considered as important 
factors contributing to the therapeutic value of fermented milks [Rettger, 1917 ; 
the Associates of Rogers, 1935]. The value of fermented milk preparations in bringing 
relief to persons suffering from specific gastro-intestinal disorders, such as clironio 
constipation, diarrhoea, etc., has been experimentally verified by a number of workers. 
Kopelofi [1925] and Lonergan and Beerman [1925] fed Acidophilus inillt to epileptic 
patients and were able to control the number of convulsions, although the usefulness 
of this treatment in curing epilepsy was not confirmed by Lynch [1928]. Smith 
[1924] was able to transform 80 to 90 per cent of the intestinal flora of typhoid and 
paratyphoid carriers to L. acidophilus by feeding Acidophilus milk. The inhibitory 
influence of fermented milks on pathogenic bacteria such as B. coU, S. dysenteriae, 
E. typhosus, Salmonella species, B paratyphi, B. abortus, etc., ha.s been reported by 
various workers [Fisher, 1920 ; Kazaryan, 1936 ; Sircana, 1937 ; Nicholls and asso- 
ciates, 1939 ; Kazberynk, 1940 ; Bhat and Reporter, 1949]. Kliewe and Schuppener 
[1937] observed that M, tuberculosis var, hominis survived for 7 days and the bovine 
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variety for 20 days iii sour milk. Mattick [1946] has made some interesting obseiva” 
tions regarding tlie destruction of tubercle bacilli in sour milk. While further in- 
vestigation in necessary for determining the bactericidal action of fermented milk 
on specific pathogens, the concensus of opinion is in favour of regarding sour milk 
as a poor culture medium for the growth of pathogens and as a much safer food pro- 
duct to handle than sweet milk even where sanitary methods are not practised. 

The food value of fermented milk is considered to be more or less similar to 
that of milk from which it is prepared. The sugar content is slightly reduced due 
to its fermentation into acid, alcohol or gas, while the casein is precipitated in a 
readily digestible condition. The increased ^gestibility of fermented milk is attri- 
buted to the finely divided state in which casein is available [Orla Jensen and Spur, 
1924]. These millcs are, therefore, froquentiy used in cases of gastric irritation when 
it is difficult to find foods which can be retained by the stomach. The lactic acid 
in, these products is said to be completely metabolized to carbon dioxide and water 
in man and is not excreted in the urine nor does it have any effect on the acid — ^base 
balance in the system (White House Conference on Child Health and Protection, 
1932). Davies [1940] has referred to two other possible advantages of drinking 
fermented milks, namely, (a) the increased availability of calcium and phosphorus 
from calcium precipitated in the lower intestines due to the acid condition brought 
about by the lactic acid organisms, and (6) the increased efficiency of the body to 
cope with comparatively large quantities of lactic acid entering the system. It has 
also been shown [Wegner and associates, 1940 ; Welch and Wright, 1943] that some 
of the organisms oooiirring in fermented milks are able to synthesize certain vitamins 
and if such organisms are also present in the intestines they may play a significant 
role in the synthesis of some of the vitamins required by the host. C-asser [1931] 
has reported that fSaya (a fermented milk of the East recently introduced on the 
Continent) is rich in vitamins A, B, C, and D and is superior to Kefir, Yoghurt, or 
.fresh milk. Chitre and Patwardhan [1945] found the riboflavin content of curd to 
be greater than that of the milk from which it was made. There was no appreciable 
change in thiamine, but nicotinic acid showed a slight decrease. Recent work on 
these aspects has been reviewed by Kon and Henry [1949]. 

Gotnposition of dahi 

DaM is a thick, sour, coagulated milk product bearing a close resemblance to 
Yoghurt in many respects. It is prepared either from cow’s or buffalo’s milk, while 
lassi is made from skim milk. Generally, cow’s or buffalo’s milk is boiled or sim- 
mered for a long time to concentrate it, allowed to cool to body temperature and 
then transferred to earthenware pots or pans. A small amount of the previous day’s 
curd is added as a starter and the inoculated milk is incubated at room temperature 
or at a temperature of 30'^ to 37°C., according to convenience. The curd is usually 
ready in 16 to 20 hours. Occasionally raw milk may be employed or heated milk 
may be allowed to sour naturally without the addition of any starter. 

Davies [1940] has discussed some of the factors involved in the manufacture of 
dahi and lassi. The following ranges of composition for normal samples of dahi and 
lassi have been reported by him in Table IH, 



Maroh, 1952] 


H. LAXMINABAYAHA AND E. K. lYA 


9 


Table III 


Chemical composition of daM 


— 

dahi 

Laasi^ skimmed 
milk 

Laasi butter 
milk 

0 


(per cent) 

(per cent) 

(percent) 

Water 

85—88 

90—91 

90—91 

Fat 

5—8 

0-05— 0-10 

I 0*1— 1-0 

Protein 

3-2— 3-4 

3-3— 3*5 

3*3— 3-5 ^ 

Lactose 

4-6— 5*2 

4-7— 5-3 

4-7— 5-3 

Ash 

0-79— 0-75 

0-7— 0-75 

0-70—75 

Calcium. 

0-12— 0-14 

0-12— 0-14 

0-12—0-14 

Phosphorus 

0-09— 0-11 

0-09— 0-11 

0-09—0-11 

Lactic acid 

0-6— 1-1 

0-5— 0-1 

0-5— 0-1 


Tlie composition of butter milk has also been studied by Rauganathan and 
associates [1937], Rauganathan and Narasimhamurthy [1938] and Ohitre and Pat- 
wardhan [1946]. These workers have also compared the amount of certain vita- 
mins contained in fresh milk with those in curdled milk made from it. ^ 

Microbiology of dahi 

As in Yoghurt, lactic acid fermentation is the basis underlying the production 
of dahi but the information available regarding the microbiology of dahi and the 
nature of fermentations taldng place is very meagre, Ohatterjee [1910] was perhaps 
the first worker to isolate a lactic acid organism from daU, which closely resembled 
the high acid producing lactobacillus included in the L. caucasious group and which 
he named StreptotJmx dadlii. ' Ram Ayyar [1928, a] described a similar organism 
predominating in dahi prepared during hot weather. According to him, daM pre- 
pared in winter was less sour and the curdling organism was found to be a short rod 
occurring in pairs and similar in appearance to starter streptococci. ^' Yeasts of the 
torula type were always found associated with both types of lactic acid organisms 
and were considered to be responsible for imparting a peculiar flavour to the product 
and for peptonising the curd slowly. They did not appear to form any alcohol.^' 
In a subsequent communication [Ram Ayyar, 1928 b] this worker described a 
lactose-fermenting yeast occurring in some da/w' samples, which was able to produce 
ethyl alcohol up to two per cent. Joshi and Ram Ayyar [1936] isolated a strepto- 
coccus from dahi which was capable of curdling milk quickly and also producing 
good aroma (combining the characteristics of 8. lactis and S. paraciirovorous) and 
they suggested the name 8. lactis aromaticus for it. A similar organism was isolated 
from dahi by Karnad [1939] winch was called 8. diaoetyl aromaticus in view of its 
ability to produce up to one per cent of lactic acid together with high amounts of 
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acetoin and diacetyl. Pasriclia and associates [1938] examined bactexiologioally 
some 24 samples of bazaar dahi while Madliok and Kapoor [1942] carried out sonae 
experiments on the preparation of dahi using pure cultures of lactic acid bacteria 
singly and in combination. 

From the foregoing review it is evident that dahi constitutes a highly nutri- 
tious food for the people, apart from its usefulness as a refreshing drink or as a 
23ossible therapeutic agent. It provides a satisfactory means of utilising surplus 
milk economically and of preserving the food value of milk over considerable periods 
under the tropical conditions prevailing in this country. Dahi is prepared in prac- 
tically every cultivator’s house on a cottage industry basis ; by churning it and selling 
the butter or ghee made from it the cultivator earns ready cash while the by-product , 
las^i, forms a palatable and nutritive drink or article of diet for the use of the family . 
It is estimated that over 2,0694 million gallons of milk or 524 per cent of the total 
net annual production of milk in the country is converted into dahi^ most of which 
is utilised for manufacture of desi butter and ghee [Agricultural Marketing Adviser, 
1949]. Large quantities of Imsi (butter milk) are produced annually as a by-pro- 
duct. The quantity of milk used for making dahi for direct consumption is estimated 
at 3694 million gallons or 94 per cent of the total production of milk per year. The 
manufacture of dahi is, therefore, of immense economic importance both to the in- 
dividual producer as well as to the dairy industry as a whole. There is also consi- 
derable scope for the economic utilisation of large quantity of se|)arated milk, 
formed as a by-iDroduct in the separation of cream for butter manufacture, by con- 
verting it into dahi, thus adding to the food resources of the nation. 

The existing conditions of dahi mmufacture in India are, however, far from 
satisfactory and the quality of the product available in the market is inferior as 
well as highly variable, excejpt for a few , isolated oases. Obviously, this important 
branch of the dairy industry has not been properly exploited either for meeting 
the nutritional needs of the people or improving the economic condition of the 
producers. An additional factor to be considered in this connection is the ultimate 
effect of using dahi of poor quality in ghee manufacture since the flavour and keeping 
quality of ghee are said to be 'influenced by the quality of desi butter which in turn 
is governed by the quality of dahi [Rangappa and Banerjee, 1946], 

Scope oe present study 

The above considerations arc sufficient to indicate the importance of dahi 
and lassi manufacture in India and the need for effecting improvements in the 
existing methods of production and marketing so as to ensure a uniformly high 
standard in the quality of dahi. The formulation of any step for improving the 
production of dahi should, however, be based on a proper appreciation of the factors 
which go to determine .the quaHty of dahi, such as the types of organisms associated 
with dahi produced in different parts of the country and their characteristics, 
influence of climatic and seasonal variations, quality of milk used aud method of 
maiiufactiue, about which there is very little information available. The present 
study was undertaken with a view to (a) collect systematic information on the above 
aspects, (b) prepare pure culture starters containing desirable organisms for the 
manufacture of dahi, (c) build up technical data for guidance in the preservation 
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and proper utilisation of the starters for obtaining good quality dalii and (d) stan- 
dardize the technique of dahi manufacture. For convenience, the results of the 
investigation are presented in four parts (parts II, III, IV and V) of the series. 
The first one deals with the qualitative survey of the available type? of market 
dahi ; the second one pertains to the isolation and tasonomioal classification of 
lactic acid bacteria associated with dahi ; the third one deals with the detailed 
biochemical studies on the pure cultures of organisms ; and the last one des- 
cribes the preparation and utilisation of starters for different purposes and 
standarization of technique of daM manufactur e. 
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STUDIES ON DAHI^ 

IF. i\Ky:imAL survey of the quality of marrivt dahi 


H. Laxmtxarayana, V. K. N. Rameudeipad, 'N. Y. Lakshmt, S. X. Anaxta- 
uamatah; and V. Seeeniyasamurthy, Indian Dairy Rosoarch Institute, 
Bangalore 

(Rceoived for pnblieatioii on S Jiimiary llifil ) 

’’^HE o])jeot of the snrvoy vvas to obtain information on the composition, fl avour , 
texture and inicr(d)ial c ontent of (to/w; produced in different i)artsof tlie country. 
For thTirpur[)Oso, several zones, broadly representing tKe diffcnuit climatic and 
otlior nu,tuj‘al conditions in the country and also including areas famous for quality 
of were nuoLcd out on the basis of information supplied In’- provincial autho- 
rities and piivate sources. The research workers visited important urban centres 
as well as i-nral areas in the different zones and collected representative samples of 
dfthi and lussi from dairies, Imlwais, street vendors, private houses and otlier sources. 

The ]5r(jgrainmo for tb.6 collection of samples from different zones was so arranged 
as to coven.' all the seasons of the year. Altogether about 1,000 samples of (lalii and 
Zrt-v.sv’ were secured for tlie investigation from the following centres (Table 1). 


Table I 

Geograqildeal distribution of dahi .sa/apfcs eoWce/ed /bf the mveMlgation 


Zoiw 

t.'entres 

Numi»er 

of 

1 sam]des 

Xorth Indian plains 

Patna, Muzatfarpnr, Darbhanjta (Tirhut Valley), 
Gorakhpore 

1 . uo . . 


Allahabad, Banaras, Lnoknow, Kanpur, Mathiira, 
Agra 

13tl' . ~ 


DcUii, Aloerut, Aligarh, Khui-;|a 

104 


Kama), Ambala, Poro'/opur, Hissar 

;■ 72 , 


.Lahore, Lyallpiir 

50. 


Na.gpiir, .Blm.-aral 

■ ‘■’b 


Hyderabad (Sind) 

1 0^ 


Aiimedabad, Ibiroda 



Cuttaek, Vijayavada 

.. .11)- - - 

Sou Coast area.s 

Bombay • ^ 

lit) 


Caleiitl.i 

74 


Karachi 

‘1- 


Vladra-s 

.4u 

Doccfni T'latoau (Hoiitli India) 

I’oona 

o 1 

llyileral)ad (Dn.) 

-i. 


lUnga,l()re, Al'ysore, Tdantlya, Hassju’ 

i 3 


Coiinlwtorc 

-1,7 

Areas of liii^h altitude 

Delira Dun*, Hardwar.Eisbikesb 

'“'’,4.") 

Mahabaleswar 



'' luvohliij;fiti(JTis (.■ai'i'icil out i 
.Itosearoli, Now Dolhi. 
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Methods 

GiMeciion of mm'ples 

All samples were collected in sterile, glass stoppered 8 oz. bottles, after mixing 
well t.be lots of dalii from wliic-li, tliey were drawn. After tlieir preliminary examina- 
tion on the s]iot, siicli of tlie samides belieycd_^ be repres entative of th e localit};' 
wcKj securely packed in specially constructed insulated wooden boxes and despatched 
to Bangalore for further analysis. 

tSinco the samples uf dalii were to be utilised for chemical^analysis as well as for 
the, isolation of la,cti(i acid bacteria, the transportation to Bangalore of the sam])l(.'s 
in their original condition presented some ditlkuiltios, [)articiilarly in the case o! 
luoiv. distant centres. Th<j use of insulated ice Itoxes for this purpose was not bnind 
t<i he ju’actioahle. The sam]des intended for oh.cmi(;al analysis were, th.(U'ofor(s 
]>r<iserv(^d hy adding O-b ml. of a dO ])er cent solution of formaldehyde to eaeli ha, 11'^ 
])Ound sample of daJd. Proliniiiiary tria,ls showed that with such an addition, the 
acidity, fat, ])rot(}in a?id ash va]uo.s of the samples were not appreciably altortul on 
keeping the sample for H to G days at ]’oom tempemture (25i:30°C.). .ljactos(j‘' 
determinations w(Te not made on tliese sam])les. For bacteriological work, in 
addil ion t,o using tli,e original unpi’eserved sample, a small amount of the sample 
wa,s inoculated into dexti'ose agar stabs. In the case of such, samples of dahi as 
were believed to require careful bacteriological examination, duplicate stabs were ^ 
imuhi of the original samples to guard against any possible .mishaps. 



Prdmwm'y emniination of the samples 

A preliminary examination of dahi samples was made at the sources of collection 
in regard to (i) their physical appearance, t(;xturc and flavour and (ii) microscopic 
op].)c,araiice of smears, which were fixed, defatted with xylol and stained with borax 
methylene blue for estimating the types and relative numbers of organisms piesent 
i.n the samples. 

Wherever laboratory facilities permitted-*'- the titrateble acidity and total 
bacterial counts of the samples were also determined according to the fol'owing 
procedures. 

(a) Titratahk (mdihij. Ten grams of dahi was emulsified in 40 ml. of distilled 
water and titrated agabist Od X/XaOH using phenolphthalein as indicator. The 
results were expressed as per cent lactic acid. 


(h\ Total bactei'ud count. Tin?, total bacterial counts wore determined, by usi:ng 
suitable modifications of standard methods (.Briti,sh Ministry of Health,' U):k,)b 
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After tlie samples were vigorously shaken to break the ehini]is of small 

quautitios (approximately 1 g^m.) were weighed into sterile flasks, dilated suitably 
in saliiKi and then ])latGd in duplicrate using milk agar. The plates were inunbated 
a.t 27°{ !. for 72 hours and the colonies counted. The arithmetic average of duplicate 
]j]ate counts was emploA^ed for calculation of total bacterial counts per gram of dnhi. 

Chmiicid amdysis of the mmyhs 

Upon arrival at Bangalore, the. samples of dahi were analysed for fat, ash, and 
protein by employing modifications of the procedures described in A.O.A.O. [1010]. 
Samples which were received ih an unsatisfactory condition due to clumping oj' fat, 
considerable whey sejjaration, et(u, as a result of the heavy joltings during transit, 
were not used for analysis. I'^actose was determined only in dahi samples collected 
from places nea,r about Bangalore and which had not been preserved wit!) formalin. 

Fat. Fifty grams of dahi wej'c mixed well with 2 ml. of strong ammu.uia and 
made np to 100 ml. with distilled water. Eleven ml. of the solution were taken 
and fat determined by the C4erber method. The fat percentage of dahi was cal- 
culated by multiplying the observed readijig by two. 

Ask A 10 gm. portion of the sample w’-as used for determination of the ash 
by the usual procedure [A.O.A.O. 1940]. 

Protein. Total nitrogen was estimated by the usual Kjeldahl method, using 
a 6 gm. sample of dahi, and the percentage of protein was calculated employing 
6*3 as the conversion factor. 

Lactose. Lactose was determined (according to Miinsen Walker’s gravimetric 
metlrod) only for a few samples collected locall}'' and from places near about Banga- 
lore. Due to the uncertainty of the age of the samples, and the long interval in 
transit, extremely low values were obtained for the samples paiUcularly in the 
case of those obtained from distant places. Since such values of lactose were not 
considered to be of practical sigiiificance, the determination of this constituent for 
subsequent samples was discontinued. 

Methods of manufacture and other particulars of the samples 

Information regarding the lustory of tlj.e samples with special reference iio tins 
type of milk used, process of mauufactiiro, etc., was recorded wherever possible. 
It was generally reported by thos(i from whom the sample w'as collected that some 
12 to 24 hours had elapsed snice tlie addition of the starter to the milk, in the ease 
of a number of samples, pai’ticularly those obtained from south India, tine high 
degree of souring as well as yeasty smell shown by them indicated Ihiat the lufonna- 
tion regarding age of the samples was nob accurate ami that they we.re iniichoider. 

There were considerable variiitiuns in the methods of manufacture, ounditiuus 
of storage and in the methods oJ: marketing of dahi. Eithej: ct.>\v’s niilk, bulialo’s 
milk, skimmed milk or mixtures of these were employed. Builalo’s milk was 
commonly used where dahi was mainly utilised for ghee manufacture, in .Bojigal, 
Bihar and eastern parts of Uttar Pradesh, cow’s milk was almost always used for 
dahi making. The milk was usually brought to a boil and allowed to cool to :37‘'' 
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ti) (l)(){]y wRi'iiifili), before t.]ie acMif>iou of smarter. Tiisouk! oases, lailk: 
Ixiilod and be.pt siiunicrhig at a temperature of S0° to 90'’G. on a low fi.;Mn.e for 'J. to 
4 hours in order to concentrate tlie milk. This was, for exam])](^ a ootutnou ])i'a(4;ioe 
in Tirhiit Valley and in many other places in North India. In some parts of south 
India., however, raw milk or a mixture of morning milk and pr<'^'ious mnniing’s 
baJan.ce of jirodiiction, were used, xifter warming the milk, it wa.s gfunwally stored 
in ungla/;<3(l earthen-ware pots or shallow earthen-ware pans. 8ton{nvin,-e ja.rs, 
tinned brass utensils and aliimiiiiiim ve,ssels were also in use at some phnars. A 
small amount of starter was then mixed with a small quantity' of milk' and afhled 
to the bulk, the -jiroportion of the starter varying from 1 to 10 ])(n* cent of tlie 
quantity of millc. The halwais in Calcutta reported that they added shout I t-o 
2 i>er cent of starter to milk. After addition of the starter, tlie milk was stir.rc.(! 
n’cll and sot a, side for curdling, with or without a cover, usually neai* the lire i)la,c(i. 
In order to retain the warmth of the vessel in which the milk wa.s held, it was sonx*.- 
times wrapped hi cloth, or with hay or the vessel was placed insidti apac.king of 
straw’ or hay-box. The curd was usually readv for sale iu 10 to 10 lioiirs and some 
/od /m/s in Calcutta claimed to have pre])ared da/u in about 4 hours after tlui addition 
(.>f the starter. A number of factors,, such as the vigour of tire starter (iiuploA’ed, 
concentration of milk prior to addition of starter, and the temperature of iiumbaliiou 
may have helped in accelerating the curdling. 

In some Gentre.s, such as Calcutta, a few shops sold sweet daM containing sugar, 
altI],ougb. generally sugar was not added to dahi l)iit was left for the consumers to 
add according to taste. For making sweetened dahi the method employed usuiilly 
was to add 8 to 10 per cent of cane sugar either at the time of boiling the milk or 
soon after. 

In addition to the use of skimmed milk in making d,(thi and j/assing tlui product 
off as that prej/ared from whole milk, the practice of diluting tint milk with, w'alie.r 
to different degrees before l>oiling and Iwvfore adding the start(3r, was also \vid(4y 
prevalent. Addition of varioris starchy materials for improNdng tli,c l/ody of d-ahi 
and the addition of flavouring substances to enhance its sale value was also not 
uncommon. It was not possible to obtain greater details regarding tlieso asjx^ots 
from the hahvais. In S<i?uth, India, where the consistency of the dahi or h/.s.y/ sold 
was highly watery, it w’as evident that the villager wnis cither a<lding Wiil.ei* to d.a.hi 
at some stage before its sale or was removing the riclier top layer of the, milk ff)r 
making butter. 

Generally, the starter employed was a portion of the ]u‘cvious day's ba.fccJi of 
dahi. In centres, wlieie <lnhi ])rodu(',ti<j!i. w'as carried out in. a.ii oi.’gauipce.d maimnr, 
a ])orl'ion of ihe curd was reimjvcd wli.<',n fnish, mixed with a, snmll (piimtity of bcih'b 
milk, and kept ovej; till it Avas iise.d for tin', im'.paratioii of tlui next day’s bu.f./di of 
dahi. The practice of iuldiiig the whole batch, of surplus (jurds to milk \\'ti.s en- 
countered in rare instances. The syste.ni of ])rupagatiug starter culiunis, indi‘p(*!i- 
dently of the, dahi, was not found to l)c in vogue any where. In many |)lius)s rii,w 
milk itself was allowred to sour naturally without the addition <d' any stai-ter. Tffi.e 
starter organisms in such cases may be expected to liavo been derived (sitlicr f.rum 
the atmosphere or from the utensils or from milk itself. 
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TIk! Si'ilci <il. tlaJhi, in. noiilaiiuH's (s^x'po.sed to n.tmos[)iliei’o was a V(‘,i‘V ijoinition 
))i-a(‘i of t'ru‘, h'dicifiH in. JSTortli. Imlia. Suoli sh.o|)s woue situated in crowdod striH't'.s 
;i.’id I lull/, wii.s Ivcpt in open sli, allow vossels oxpo.scd to dust, iiiid to splasln^.s of 
i‘;iiu-\\-atev in inonsoon. Idiert*, w.‘i.s very little attention paid to tlie ('.leanliiic.ss of 
tlie liii.nds oi.’ {‘.on1aine!-s used u,t tlu^ time of sellinsi; either hy the vendor or l>y tlie 
|■>u\'<u‘. In the south, it u'a.s more cotninoii to find the v'illagers bringing curd into 
url)a,i) iir(^n,.s a!i.d stdling it from door to door, llei'o too, there was a oom])lcte 
al:)sene(‘, of hygienic praethavs in the hiindling of (h/ii. 

Be.sults 

Tlxi! results of tli.e preTiuiiuary ‘‘.xamination of tl'f.kl samples iu regard bo te.xture. 
flavour a, 11(1 mi(*ro,seopu; appearama^ are given in Table fl. Tlu" pea'ceiitage dis- 
tribution of tiu' .siunples ac(‘,ordi.ng to the characteristics shown by them is given iu 
Hie labliu The rosiilts of ]ilate counts and acidity, which were also obtained during 
the prelimir'arv (Examination of (J/f/d at the .sampling centres, are presented along 
with the results of chmnieal analysis in Table III. 

It wa.s obsej‘vcd that a inajoriby (jf the saniple.s of du//// collecteil in 8ontli India 
wer(’ thill and watery in consiste.ncy with lumps of curd floating occasionally in 
them, iri*es]ieotivri of tlie time of year. They had also a pronounced acid smell as 
well as a sour ta.sto, some of the sanijiles being extremely sour. Very few .samples 
collected in summer and not inoi‘c than 10 to oO per cent of tho.se collected in winter 
(particularly tlio.s'^ obtaimul near Madra,s or Mysore) posses, sed a good texture as 
well as the ty])ical dnJil flavour. In 15 to 25 per cent of the .samples, peptoiiLsation 
of the curd, gas formation and disagreeable flavours were noticed while estory or 
ahmh olic flavours w'-erc, noticed ill a few instanc(Es, 

The Hain])les of d/////' collected from Poona, Bluisaval and Nagpur also oontaiued 
a. high ju’oportion of .sour da/d but mo,st of them showed fairly good texture. On 
the other hand, the .samples from (rujarat were generally very poor both in regard 
to 1)ody and in flavour, a few .samples from Baroda being the only exceptions. 

About 50 per cent of the samples collected in Bombay .showed good physical 
texture, sweet or raiidh' sour taste, and pleasant aroma. Some 30 per cent of 
them were .sour and th.e rest were associated with various defects. There was 
.not much, difference lietweeu the winter and summer drf./d, ex(!ept that the lattoi* 
included a g.]’oat(.vr mimlier of .samples (mostly collected during monsoon) 
having est(.\ry or alcoholic iiavour.s as well as showing peptonisation and gas formu- 
tio,ii. 

As regards lh(( (Jalcntta samiiles, nearly 0<> |ku.‘ cent of fihos**, collecte(l in wiiiti.)!’ 
Iiiid N('ry good i (ivi ure togt^l-luvi' with a )»I(!ii,sa,nt llavour, the re.st. \v(mv (‘.ither wakuy 
or ;iNs<»(‘i;i(e(l with « >rr-il;t,vonrs, Mo.sf. of I.Iue .suiunie.r .saniplo.s li.id a, p'xu: te.xt.ure. 
Hoiun ‘fo [MW c.('i!i. Nliowed tli.e c.haracl.eristic. Jiavoiir of drrM, 50 jx'.r c-enl. were sijiir 
;),ii(l ainjut 10 jiej; cent W(:ire associated with, estory <.ii' alcoholic flavours. A largre 
numlx'r of the (tilcutta samples wiiro also sweet to taste and in .some case.s this was 
i’cport,(‘d to lie due to the sugar added to them. 

Almo.st all samples collected from areas in Tirhut Valley, Uttar Pradesh, Delhi, 
.l.hitijab, and Sind, irrespective of season, were characterized by good curd formation 
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iUi(i mi.iloi‘iri, (.(‘.xiinro wilili swiM^b (.n mlldiv sour taslui juitl amm:!. OnU' 

ti, siiuill [ifvrc,(M).ia,ifn of .siiinpl(‘.s jury popf-tiiiisaliiott, yji„s roniiiU.iou nr uilu-r 

fO'Inc.t, (‘v<Mi. tliiriiiy suiniiuM'. Souk*. tiF tlu‘. hc.st wuiiph's fur l-lin wiinic. scrif-N \v<'r«^ 
Ifom. Darbhanya iuul Jiriiiclavaii. (IVlaf'.lurni). Many nuirki-'n)' 

s\V(i(‘<; jtJt.Iinuyh liiun'C!! wiis no ovidoiitic- of ^i.riy <‘\t'.nin(.iinis sii,i';ai- Iniviny ;n!(!i"l 
tu ) liliBrn. * : 

Tliciv, is l,lius n, <u)iisidci'jil')lc vanV.ioii in I'.Iin quality of inii.rk(ii. ihfl/i oijt.aiiif.ii 
ifi OinVrent. t;('nF.ros atid in sonic <;on1rt*cs in din‘(uvn,l» sna.sons of l.lin ymi’. 'riu* tutrtJi 
Indian sample, s as ji tdass po.ysossod a boidnr fnxt.iins aiul tlavoni' id;m {.heir sou) !'i 
Indian nounU‘,!'pa.r(.s, whitdi woro ^yoiioi'alJy poor in coiisisiHSHty sml iver<‘. idyldi' 
a.{‘.i<li<' in fliivour, Wdiilo this ('{i(rm‘Ouo(5 rruiy Ik‘ niidnly attrilmi-ed fo the. cpnility 
ol raw imiiieritd used as wcdl as tln^ methods of mauiifac'tnre! dcs.seriixsl earlier, the 
ty])es of inienillora oeeanTin^.^ in tho sampkis should also he ('onside.red, . a. snatter 
oi last, th(i iiiierooj-yanisins woidd b(j i;'(;,sponsil»li} for the. .summer s.!,mpie'. lieiuy 
m(H'(‘- iuadie. iJiiui the, wiiitcir ones in many plae,e,.s and for a. Is, rye iiimib-r ol .s.onples 
oolie.et{>d ihii'iny t.lKi monsoon season, partienla.rly in ihmibaa" a.nd ii) t'aJnilla, 
showiny esi.ery or a-hadioiie flavnairs l.oye.i.luH' with, pe-ptonisation, ya.,; forma.tion, and 
(.d-Jim* (lefeets. 

.\fosi ol the S(»ulh hulia,n sa, tuples sliowed a. pre.pojideraiiee oj' l.irloliai'iHi atid 
yeast. «-eils over l.luf eoe.ei. Alt.liodyh stnqttoeottei wer<* prtvseat in aonn* of iitem 
tihey must, Inive. bee.n over yrowii Ity l.lie more a.cid tolerant, tiaid hi",h aejd prutli(.'iie>, 
la.e1.oh.‘ieilii dm* t.o l.he nat.iire ol the starter, el'leei. ol* aiye tind tempera! me, Tliis 
nniy iteeomil. tor the hiyii deyrt'.e td* soiiriiiy in these sa.m|tle,s. A fe.sv .sampie.s whi -h 
showt'd {), vswt'ettw ihivoiir eontained st.r(“pl<M‘oe<‘i in yretiter abimd.mee, thi lise 
otliiM' liaaid, streptoeoeei were predomiiiaJit- in tin- nortii Indian saattples. with Itieto 
baeilli iind yeti.sts oeeiipyiny a seroaihary ph-n.'.e. The plea.sant arotna and sweet 
tu' mildly sour taste of the.se sii.inpl<'S must he attrihiiled nrimarih tot hem . 1 btritiL!, 

sinniner, liowever. tin" laetohat'illi were more proittinent. iti .some .-samoh*'. ah honefi 
tlu" mtijority still showed either a, preponderattee of eoeei o\ er rod. or an eijti.d 
proportion ol hot.h (‘oe(di attil rods. \ ft-w hiyiily .soiir Siimple'., roHi.i trd iiom 
(.aleuttii, tind Ib'indaViMi (IMjithtir.a) ('<)titained jt majoritv of laei .shaeillj, wiiieh 
tipjHMiftsl 1 o he diikna'iit Irotit t lie (■oitnnuti t.y pes oeein'riny iii .Nonth htdian -sntij!!.- , 
TlHt.se W(tr(' sliort rod.s in pa.irs a.nd in eltaitis, (d'leti deveiopiini; iuht lilmit.-nt •. uiiile 
tin" latter wm’i- lony rods showiny yramiles predoinin.aiit ly. 

The, yeasts seem to be inevitabh- eout:i.tnIn:mts ofda/// .and i heir yivaler itieidenee 
in .south rndiati .s;t.mph>s may be dm" to their liiyher aeiility. Most of the n. - a 
in fh(Ju do nut pn)d,uee tnneh tdeoliol iilt-honyh .some an- aide t,o alla-'k l.ieto- * a,. 
t'vi<h‘ne(‘.d Iry tin" pre.setus" of ytt.s in a, miniher (d* .sainph's, Thev ate o.oodd" r--, 
ponsible for hritiyiriy a,l)cait ))ept.(mi.sa,t ion and llaymir deree|.,s a,-; well a’ to: . .....nu.. 
favoiifid.le eonditi(Uts for t lu* ynovitt ol* laei ohaeilli IJnJ/i mul A'u/a ./y/n'. 

An appiveialth" number of samples uhtained in t'al.mlla and Ihmdi.u jKohenl.-uk 
dnriny tlie inon.soon, 'were (‘ha,raelBri,sed by !t,leolioiie ;titd e.sj.ei \ ila\oiirs, j.tvmim 
tibly due to liie atdion (>1* .some >SiU-eh,:i.romye(>s tuid species (d* tbdia, 'I'iu- htimid 
conditions in lhesear<',;isar(‘ jiiirtieultirly {*iivunra!)le fur t In- yrou I h oft hese ..t -.-..tni- in .. 
Of tin- other eontamirumts ruiuid in dafii, spotvd’onniiiy haeif-ri.i uem the sno i 
IViMpieiit oiK'.s, .V number of sttinples showed smtill rmis (prtdta.bly ;utme .species 
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of Microbacterium) which formed yellow riiigs on the surface of ddlii. Characteristic 
colonies of moulds belonging to Oidium, Cladospoiium, Aspergillus, and Penicillium 
species as well as a few species of Actinomyces were also foiihd in old samples. These 
organisms were probably dormant in the freshly made dahi. The greatest number 
of samples showing the above types of contaminants were found in Gajarat and 
a smaller number in south India. 

The Variations in fat, protein, ash, and lactose contents as well as total bacterial 
counts and titratable acidities of the dahi samples collected from different areas 
are shown in Table III. The figures for lactose are available for a few samples 
only, as its determination was discontinued for reasons explained earlier. In 
view of the extremely wide variations in the values, averages have not been drawn 
but only the ranges of variation have been given in all cases. 

It is seen (Table III) that the total bacterial counts as well as the results of 
chemical analyses are highly variable and cannot be correlated with either seasonal 
or geographical conditions. This may be due to the highly variable initial quality 
of milk used, the type of starter added, temperature of storage, age of the samples, 
etc. 

The total bacterial counts of the samples ranged from 13 to 22 millions per 
gram of dahi in the case of samples collected from Delhi and adjacent centres during 
winter while samples of a similar quality from Lahore showed counts varying from 
319 to 690 millions. In the case of samples collected from Bombay, the counts 
ranged between 18 and 730 millions per gram of dahi. Since lactic acid bacteria 
derived from the starter constitute the predominant fiora in dahi, the bacterial counts 
are influenced mainly by the types of starter organisms, temperature of storage and 
age of dahi. Due to uncertainty in regard to these factors very little reliance can 
be placed on the present data as an index of the quality of dahi or of the sanitary 
conditions during its production. On the other hand an estimate of the relative 
numbers of streptococci and lactobacilli might be of some value in determining the 
quality of the starter. Since the conditions in dahi are not favourable for the growth 
of coliform organisms or spore-forming bacteria, their presence in dahi samples 
may be expected to serve' as an indication of unsatisfactory processing of milk, 
use of contaminated starter or insanitary conditions of manufacture and handling. 
Excessive numbers of yeasts or fungi may also be considered to be indications of 
poor quality of dahi. 

The values for titratable acidity and lactose are affected to the greatest extent 
by microbial activity. The initial acidity of the milk is also important in assessing 
the significance of titratable acidity otdahi. A very large percentage of the samples 
in south India have shown acidities exceeding 1*5 per cent (expressed as lactic 
acid), which accounts for their highly acidic taste. This is obviously due to the 
preponderance of lactobacilli in the starter used, age of the sample and the high 
temperatures to which the product was exposed during handling. The north Indian 
samples on the other hand, which were generally not more than 24 hours old at 
the time of sampling and also contained a preponderance of streptococci, had acidity 
values usually below 1-6 per cent. ' Most of the samples associated with pleasant 
aroma and sweet taste showed acidities ranging from 1-0 to 1*3 per cent. The 
figures for lactose content are available only for a limited number of samples collected 
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near about Bangalore. With, the exception of a few 8araplc5.s collected at Bangalore 
and examined immediately, the values for others were generally bel(,>w ,! per cent 
and tlmy did not also bear any uniform relationship with the correspondhig litra- 
tablo acidities of the samples. Although the decrease in lactosii cont<mt may 
be attributed to the continued fermentation of lactose by lactic acid bacteria, depend- 
ing on tli,e age of the samples at the time of testing, the elfect of dilution witli water 
and formation of volatile acids from lactose by heterofermentative speei<is, should 
also to be taken into consideration. 

The values for fat, ash and protein contents ranged from 0*1 to 9*1 par cent, 
from 0*22 to 0*8S> per cent and from 1*29 to 5*15 per cent respectively. Since these 
constituents of milk are not utilised to any appreciable extent by lactic acid bacteria, 
the, wide lluotuations in the values, particularly in the case of fat, are primarily 
due to the initial (piality of the raw material. All types of milk, cow, buffalo, mixed, 
or skimmed, milks as wi^ll as milk containing added water —are used in tlio manu- 
fiiotiire of (M/i. The (at and protein contents ot dahi sarfljilcs, in whic-li yeasts 
and moulds have been a-llowcd to grow, would also bo afhuitcd by tiu*. lipolytii', and 
proteolytic activities of these organisms, dlho high values of protein aiicl asii shown 
by a number of samples on the other hand may be partly due to the, coiiccutiration 
of milk by heating prior to addition of starter. 

Table IV 


Jlesults of chemiGol analysis of typical dahi samples 


Area 

Acidity 
(per cent 
lactic acid) 

Fat 

I)or cent 

Protein 
per cent 

Ash 

per cent 


1*36 

0*7 

2-00 

0*07 

Bangalore (W) •< 

0*04 

1*0 

3*20 

0*80 

1*39 

1*0 

3*78 

(»'?« 


MO 

9-0 

3*83 

0*70 


0-93 

4-4 

4*19 

il'88 


M3 

4*0 

3*93 1 

(Hj9 

Coimbatore (W) 

1*58 

4*4 ' 

1 3*54 

0*60 


1*02 

G*2 

1 • 3*44 

0*72 


1*07 

8*4 

2*98 

O*(i0 

Madras (W) 

1*70 

1*3 

3*02 

0*53 

1*68 

1*2 

3*02 

0-63 

r 

0*81 

2*8 

3*29 

0-71 

Calcutta (8) 

Ml 

4*0 

3*07 

0-8i) 
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Bcsulls of chemical analysis of typical dalii samples — contd. 


Area 

Acidity 
(per cent 
lactic acid). 

Fat 

per cent 

Protein 
per cent 

Ash 

fjcr cent 

f 

1-05 

44 

3 99 

0-64 

t 

1-36 

5-6 

3<82 

0-73 

r 

1-66 

3-2 

4-05 

0-64 

Bombay (W) -! 

1-86 

6-2 

4-10 

0-68 

1 

1-32 

84 

1 4-06 

0>68 



1*98 

1 6-0 

i 4-75 

0-63 



0-87 

64 

4*56 

0-67 

Bombay (S) 


1-03 

6-8 

3-86 

0-63 



2-46 

6-8 

4-62 

0-70 



1-37 

74 { 

4-56 

0-7I 

r 


4-6 

443 

0‘67 

Allahabad (W) ■{ 





1 


5'0 

3-92 

0*71 

r 

1>39 

14 ‘1 

3-92 ‘ 

0-66 - 

^ Allahabad (S) ^ 





L 

1-31 

44 

4-14 i 

0'68 

1 


4-8 i 

4-51 

0-63 


M9 i 

6-6 

3*67 

0-59 ■ 

J 


84 

3-99 

0-63 

f 


54 

4-24 

0-68 

Delhi (W) < 





1 


4-6 

4-32 

0-61 

r 

149 

6-0 

4-55 

0‘73 

Delhi (S) •{ 





1 

1-39 


3-90 

0'60 

r 


64 

3-87 

0-70 

Karnal (W) ■ ■{ 





\ 


8*6 

3-74 

0-70 

r 

1-.70 

2*8 

3'35 

0-67 

Cuttack (S) -1 

1-09 

3-6 

3-85 

0-70 

1 

1-08 

4*6 

345 

0>63 


(W) Winter. (S) Summer. 


24 


STUDIES ON DAiZ/*-!! GENERAL SURVEY [Vol. XXII, Tart- 1 


Artiojig t!i(! coustitiients oidahi, asli coateiit appeared fco show tluj least vjuiatiou 
due to th('. type of milk used. la Tabl() IV, the individual values for acidity, fat, 
jn’otcin ;iud ash iu respect of a few typical aamploa of dahi, which might be <!'o!isi<lercd 
to be fairly normal on the basis of their a.sh contents, have Inaai sliown. The UisuJfcs 
bring out the variations which may be expoctod in the t!ompoHiti(>u of luai-iat diihi 
samples and agree closely with th(3 values recorded by Davies [iDtOj for diirerent 
types of dahi. The samples of dahi with low fat content may be presinned to havti 
been prepared from skimmed milk or a mixture of whole and skimmed niillcs ami 
those having high hit content as having lieen made from buffalo milk. The varia- 
tions in the methods of preparation, particularly the extent of concentration of 
milk, have considerable influence on tlie values. Accordingly, the prosimt data 
are useful only in providing information on the quality of dahi availalilc in the 
market and cannot servo as a basis for fixing any chemical standards for this piHxlac.t. 
It ivould be dcsiralile to collect further information on the normal varijitious in llm 
composition of da/ii with reference to the type of milk used, age. of samplc.s ami (tther 
conditions of production. 

Summary 

A qualitative survey of the types of dahi produced and marketed in different 
parts of fiidia ha,s been made. A total mim)>er of nearly .1,000 saiujiLis of dahi 
(including lam) were- collected from dairies, hahmUy slirer^t vendors aiul [uivate 
houses in different localities, fflhciy wens examituid for texture and llavour, titm- 
table acidity, nature of microfloi’a (as revealed by microscopic app(.‘arauce), total 
bacterial count and pcrccntagivs of hit, protein and ash. 

Samples of dahi collected fj’om North India wei’ii gimerally e.haractcriswl Ijv 
firm curd formation and sweet to mildly sour taste with an agreeable flavour, although 
during summer and monsoon an appreci.ibli', number of theta were soar ami also 
showed gassine.ss and jie.ptonixation. Som<3 of the best samples wer.,'! obtaiufil 
from 1b rimt Valley (Biliar), AllaJiabad, Karnal, Brindava-n (Ma.thar,i) ami Calcutta. 

Samples from south, India were usually })ooc or wate.ry in texturtt end .s jur t.u 
taste, irrespective of the siiuson, wliilo a large percentage of .samples seeureji from 
sea coast areas, particularly during monsoon, showed gas formation, alcoholic iuid 
cstcry flavour as well as mould growth. 

There was either a preponderance of streptococci or a bulamutd proportion 
of streptococci and lactobacilli (short rods in pairs or cliains) in tlui samples of dahi 
produced in north India. Yeasts were present in many ca3e.s ami during mtmsoim 
both yeasts and lactobacilli wore more numerous. Almost .all south Indian sa-mplc.s 
oidahi contained a preponderance of lactobacilli (large rods with prominmit granules) 
as W(?.ll as yeasts, while streptococci were present in samples collmd.od, in, UujaiMt, 
Nagpur and Bombay. 

The above differences between thi) samples from different aisias hav^, been 
attributed to the initial quality of milk, type of starter used, technique of m iuu- 
facture and influence of atrao8[)lioric temperature. 

There were ver}' wide variations in the values for acidity, fab, protein and a.sh 
irrespective of tlie source or season of collection. The signifieancie of this initial 
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quality of milk and other factors in relation to the quality of dahi has been pointed 
out. , ■ ' 
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TIL TAXONOMY OE THE LACTIC ACID BACTERIA OF DAHI 

By H. Laxminarayana, V. K. N. Nambudripad, V. Lakhhminaeasim, 

S. N. Anahtaramiah, V. Srebnivasamurthy, and K. IC. Iya, 

Indian Dairy Research. Institute, Bangalore 

(.Beceived Ibr publicatxou on 8 January, 1951 ) 

( With .Blatks I— III ) 

A BRIEF review of literature on the microbiology of fermented milks including 
dahi has been given in Part I of the present series of papers [Laxminarayana 
tuid Tya, 1.952]. There is, however, very little information regarding the organ- 
isms associated with ilaM and except for the isolation of a laotobacillus species — 
dltreptothnx dailhi [Chatter jee, 1910, and Ram Ayyar, 1928]— and two vSpecies of 
Mtro.ptof.fuici, S. Lactis aromaticus [Joshi and Ram Ayyar, 1936] and S. diacetyl 
arnniaticus [Karnad, 1939]. No systematic study of this important subject has been 
nifidc. From a microscopic examination of dahi samples, collected from different 
parts of India, [of. Part II, Laxminarayana et al., 1952] it was observed that South 
Indian samples generally showed a predominance of lactobacilli while North Indian 
varieties contained a greater j^roportion of streptococci. The tyj>os of lactobaeiili 
occurring in tlie latter samples also appeared to be mostly short rods in pairs, chains 
or fflamentous forms. The results of further studies carried out on the isolation, 
characterization and taxonomical classification of the lactic acid organisms, found 
in different .samples of dahi, are reported in this paper. 

The isolation of pure cultures of lactic acid bacteria from dahi or other material 
does not present much difficulty because these organisms as a group are easily 
distingui.slied from other bacteria by their morphology, cultural characteristics 
and fermentation reactions [Davis, 1936 ; Orla Jensen, 194:2 ; Breed, Murray and 
Hitcliens, 1948] and suitable methods, Imsed on their nutritional and other require- 
ments, are also now available for their cultivation [Orla Jensen 1942 ; Levine and 
Schoenlein 1930; Davis, 1936a, 1939; Manual of Mefhods, 1944; Tanner, 1944]. 
The taxonomical classification of lactic acid organisms is, however, recognized 
to be very complicated due to the overlapping of characteristics of different sjDccies 
and variations encountered within the same species. In addition, there has also 
been considerable confusion in the nomenclature of lactic acid bacteria adopted 
l:)y diffeiH'ut workers. Orla Jensen [ 1919 and 1942 ], wbo was the first to make a 
systematic study of lactic acid bacteria associated with dairy products, emphasised 
mainly growth temperatures, nature of fermentation products and acid producing 

* Invostigations oarried out under a research selieiiie financed by the tndiatr Ccuineil of Agri- 
cultural Researcih, New Delhi, 
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(•a|)iU‘ity of lJ)(‘ in riistingiiishing one IVoiu the obJun* and liinl. 

rcrauiot'.at.iin'is, niorpliology and t,;ha.mcl'.niisf ios w<!r(! orw’.r.ondn.!'y int- 
ni.4 gntaping oi* ilin oi'gn.ui.siii.s into hofutdei’nioutabivt* jonl lu'lxnoior-' 
types and uf ilic honioremieiitidive lueiolnidlU iido ili.enn,oI»,‘M*ieri:t, :um 1 
ativptobae.ieria. is hiiBed on such consid(‘Tutions, A.l,t)h,ougli, tiiiji ycUcine. itaa been 
gt'rioi’ally acoejtl'iul lyy later workoi-.s, the. didonuitiatlon ol.‘ closely iiUied ,sj)eeieK cb' 
organisms bus been a Gonti‘oversia.1 topim 

Oni‘ of blie, most chissie-a,! oontvoversies lias been with regard to the ideutit'u'.afciou 
of L. and L. (iGidophilus. Sov(.Tal worktn?.s .h,avo a,t1.cmj)tcd to dillerentiati' 

btd,we.(m the two organisms on the. basis orsiigaa rernumtii-tions [Knlp and Uettger. 
192^], hibibition i)y i}]do} aaid ]>h(mo] [Kulp, aaid the edect oJ'siirfaei^ ten.sion 

depressants [Albiis and floiiii, Ivoj )e]ori’ and Bem’inau, 1.925]. dhu'Si* tis.sts 

we.n'. re.jjortod to be. unreJiaJih^ by i)a,y and <libb.s 11928]. Kuip and Beiigm- [1921] 
.statcai tlia.t the. ability of /if, midnphUan to sinwive in, i-he intestine.s when t he etdtnre 
\va,s fed to la,bora.i.ory a.ninnds was its most imj)oi-|,a,nt distiiiguishiiu!; risdaire sinee 
e.uh.ures of L. hiil(jtt.rini.K (•.on]<l nut be i)iipla.id.ed in tlie iiil-e.stine.s. (huTau. Ilogm-.s 
and \Vliitli<‘r } 1922] e,nLploye<l growl. Ii l.en)pe,ra.tnre.s. e.oluny a.j>pea.raj]ie-e, fm-nn*nt at ifOi 
of raihno.Sfi and maiuiitoj, oj)ti(:a.i rota,i.infi of the .-mid prodiieed am! toler.ini'e io 
plamol and iridol, while iSlnirnnKi and. Hodge, j dlMOj nse.d salt tolera.fi(’e, inflnenee nf 
^dl, growth tempei'atiire and rt‘nnent:ition of .-ai gars a..s eriftM'ia fur ililfereni i:!t iiig 
bet.vviHiU the two oi'giuiisms a.H a.l,so for Sf'.pa.ra,t.in,g ot.he.r spe.eies of hn'tobaeilii, lat'si • 
nova, [1929| \ca.s of the (tpiniorj that holh the oi'gauism,s belonged t o the .same speeies 
a.ud a.ny dilferences obsorvisl he.fcwee.n llie. i.wo were oidy due t(j strain vaviathms. 
On fc tie. other hand, h. iuddopinhiH and, L. Gmrl wei-e e.on.'.idtn'ed to be it and S forms 
of a .single type by Pede.rson |19I7|, who found that th,e slraiits of L. arldnphiluK, 
originally describe<l as forming round and lllaaneutous eolonie,.s and producing itun*' ivc- 
atdd [CitrraE, Rogers a.nd Wliitt.ier, I922|, inul <dia,nge,d into Ninooth hjrms produeing 
dextro-rotatory acid and showing otlie.r i.y]iic.a.l c.iiaraei.e.rislics of h, 'fhe 

former is an inb.'.stina,! organtHm while, the, hit.ter is always n-ssotuateil with milk 
and milk prodiu.'ts and tin' gra.dual t.raitsformatiou in the e.'h,ara.e.te.riHtics of fu <tiud- 
ophllm may he attrihnted to tlissoiaalion of tlio original R strains inti) R and K 
forms and the .snlwe.qiie.nt ]>repondera,nt development of tho (S fornis during continued 
maiiitenaiiee in milk. Tlio r<iV(,‘r,sa,l <tf l.liis process lias not been refiortetl by any 
worker so far. Bimilur variations in cliaraijterisiies dne to dissociation of t he. organ- 
ism.s have been observed [Oknlite.li, 1.939 ; i'la,rbe.r and. Fra.ziiag .1 945]. Tlie distinetivc 
features which clniracterise. b. lumd, L, phintaruni and he, tero fermentative, lueiobm'illi 
found in cheese hav(>. been described by Davis [,1925] and Bheiwood [1929]. 'Phe 
former investigator, sti'ossing the im]ioi’tance of ecological aspects in idiaraeterising 
the organisms, sngge.sted that they would iritbieiic<r tlie ineference of i.]i<M>rgaiiism - 
to grow in a particular medium or to fninonti a particular suga.r cspe.e.ijinv ifi tie* 
case of freshly isolated strains simte on prolonginl c.iiitivat ion in the labnriiini’y, 
the. natural jiropertaes of tlie organisms an' likely t.o undergo some variaiimi, A 
detailed de.se.riptiun of va,rious species onactohu.e,illi h:is also bi'eii given l)y lbt!!,iiid 
[1920], Fred, Peterson uriul .Inder.son [1921 and 1922] and. Pederson j P.Klti and P92s). 
.Recently, Tirfsler, cl (i,h [1947] has attempted t<! cia,.s.sify the ia{‘tol)a.oirii on i he himi:-. 
of their colony formation, optical a.chivity of lactic acid product'd, mavjjiium aeidii v 
produced, growth tempcinture and aJiility to produce gu.s. 
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Tile ideniiiiioatioii of stroptococi’i also has been somewhat confiLsod particvdarly 
ill (he (iistiiicjtioii betwcum laatis and H, cremoris and beiivveeu S. laotis and 
fdccaJk, /S', nremoris was for a long time eonsidored to be a variant of S. laotis but 
on. the basis of the di.fferences in their maximum growth temperatures, their tolerance 
of aUculi and salt in the medium, their inhibition by methylene blue and their capacity 
to ])rodii(x'. ammonia from peptone, they are now generally accepted as two distinot- 
s|)eeies [Yawger and Sherman, 1937]. Davis [1935, b] has drawn attention to the 
di (Ihrences between the two species in respect of morphology, inhibition by lactate, 
and formontation of maltose, dextrin, arabinose and mannite, most of which have 
been confirmed by Hunter [1946], Shattock and Mattick [194-3] found a close 
serological relationship between the two species although their phage reactions were 
different. Similarly, S.faecalis has been differentiated from 8. laotis on the basis 
of its higher ii,eat resistance as well as alkali and salt tolerance [Sherman and Stark, 
193)4]. Slierman et al. [1940] found 8. laotis and S.faecalis to be serologically distinct, 
wliile Quirsalus etal. [1944] reported tiiat 8. laotis was a raiimt oi S.faecalis. 
)Slun‘man [l‘.)37] in his critical review of i;he literature on the taxonomy of strep- 
toeocei pointed out certain significant differences in the cultural and physiological 
properties of these organisms which could be utilised for diagnostic purposes. 

The heterofermentative streptococci (genus leuconostoc) and the strejttococci 
commoniy employed in butter cultures have been reviewed by Hucker and .Pederson 
[1930] and by Hammer and Babel [1943]. The Enterococci and related streptococci 
wor'3 studied by Sherman [1938], In the classification of enterococci as well as their 
di Iforentiation from lactic streptococci both physiological and serological reactions 
hav-.^ be, on employed [Sherman, 1938; Graham and Bartley, 1939 ; Shattock and 
Miittick, 1943 ; Shattock, 1945 ; Evans and Chinn, 1947], Bacteriophage specificity 
is another criterion tliat has been used for the differentiation of 8. lactis, 8. cremoris 
and 8. f meal is [Shattock and Mattick, 1943 ; Hunter, 1946], but this test would 
a.})p.'ar fio hold promise only lor those species for which the specific phages have 
bo.eu isoUitccl. it is also known that the bacteriophages are highly infiuenced by 
st.rain variations and other factors. Among the other characteristics, which have 
used for distinguishing the different species of streptococci, may be mentioned 
the following : Irchavioiir towards various oxidation--reduoti<m. indicators [Davis, 
1938] ; influence of fill [Davis and Thiel, 1939] ; utilisation of lactate and citrate 
a.s sources of carbon [Foster et al., 1943 ; Campbel and Gimsalus, 1944] ; production 
of ammonia from arginine [Niven et al., 1942] and production of carbon dioxide 
from, glucose [Gibson and Abd-El-Malek, 1945], Exceptional strains of 8. thermo- 
■phikts, 8. bovis and other species which gave variable results in respect of some 
i)f (;h,e above tests have been reported by various workers [Wiiglit, 1936 ; Nichols, 
1939; N'idiois and Hoyle, 19483. In a recent study of the stre[)toeocoi of milk, 
Abd-.E1~M<‘) i<'k and Gibson [1948] have outlined the most typical taxo.noimc cliaracter- 
isth's of tJ;u'. different groups of streptococci. 

.Davis and .Rogers [1939 a and b] grouped dilferent species of sl.reptococci and 
]:t.(.itobacini on the basis of their metabolic activities and later Davis [1940] outlined 
a bi-oad scheme for simplifying the classification of the organism.s on the ai>ovii 
basis. Kitahara [1940] suggested a new classification of lactic acid bacteria based 
on morphology, sugar fermentations and other properties. In tiie Sixth Edition of 
Bergoy’s Manual [Breed, Murray and Hitohens, 1948] an attempt has been made 
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fco biiHtt the clas.sHi«afcit)n of tJic apeoioB oii bho mo.sti oonBiMtont and oaHily (iit\V.rctiiiai)lo 
cliaracfccwHtics of tiho <,n:gauisiias reported by different workers and to i:<!diico tlie 
uum,l)eL' of indi'.ponderit species by assigning speedes rank only to sue.h orgiinisnis 
wliieli have bejen dosuribod fuliy and whose characteristics have boon well e.stai>lishe(l,. 
In re(H)nt years some workers have suggested the elaHsifi(’,ation (ff lactic a('.i(,l ha(d.e,!’ia 
on the basis o(: fcheir specific nutritional requirements [Hucker at uL, lU4',t ; idutm 
Gt al., 1947 ; Iloff- Jorgensen et aL, 1947], Although a knowledge of the vitamin 
and amino acid requirements may help in differentiating species which art} closely 
related to each othm', there is a possibility of encountering several anamolous rtjsults 
by this method. For example, L. delbruckii and L. caaei, which are quite different 
from each other in their physiological as well as biochemical reactions, were considered 
to be no more than varieties of the same species because their nutritional re-quiniiiicnts 
wtsrc similar [Bunn et aL, 1947]. The form*.}!' is a non-Iactosc fermt’.nting organism 
occurring in molasses and growing at high ttimpecaturos wldl<} tht? latter is a iactost} 
ferme-uting laotobaeillus commonly found in dairy prod\iots and able to grow only 
at toinixmaturos below 4r)'’C, The nutritional r<i(iuiremcnt8 of an orguJiisni. can, 
therefore, be considered useful only in pr(*vidiug supplemeutaxy evideuee regu.rdiiig 
its identity. It would tints appear that i;hc taxonomical classification of laoti<} 
acid bacteria will have to be based only on su(}h cultural, and physiologi<;al characte.r- 
istics as liave been considered to be stable an<l typical of the groups or species under 
question, having regard to the source from whicli tlu‘ isfdates were obtalne.il and 
tht} conditions of their subsequent niaini;<man(5(}. 

A summary of the typical, wcll~es1;ablisli.(sl eliara(.'t;<‘ri.stics of diffenmt speeles 
of lactic acid bacteria which have been descrilx'd ])y various workers [Otki Jeuseu, 
1942 ; Bhcmian, 1937 ; Brood et uk, 1948] an<!. wlii{j]i Juwe been eousidcrtHl to bi? 
important in the taxonomical classification of tiic organisms in tliis study is given 
in Table!. 

Expemmental 

Isolation of lactic acid bacteria 

The original samples of dahi as w<‘il as stab cultures of the orgujiisms made 
from dahi at various centres, secured in tli<} munmn- explained in Pa.rt 1! [Laxtiti- 
narayana et al., 1962] of this series, wexe used for the isolation of lactic acid bacteria. 

As soon as the samples were re(5eived, a nulrroscopic examination was carricn} 
out to determine the piodominant types of organisms prcs(int. Bixiall amounts 
of well mixed samples were then iiru.nsferr<id to sterib} yeast dextrose litmius nxilk 
tuboR. One set of tubes was incul)a.t(>d u,t 15'’0., one at 37‘’0., and a, tlurfl set. at 
room temperaturr; (24"^ to Wh<}u tJie inoculfiterl samples had eoaguia(.tiii 

or shown acid production, they wc,i'e plated either immtidiu-tely <u’ iift-er furthtir 
transfers in order to elimiiiat(; yeasts and eiu;ourag<i the growth of s|.»eeifie types of 
la(}tic acid organi.sms. Immediate plating gave, o>ily tbti jxiosb aellve types of rods 
or cocci present in dahi. l^icipcated translers resuited in. obtainitig pure cultiit’ois 
of organiBrnK iiaving their optimum near the respective lj(}mp<‘rabtir(}3 of iiujubation. 
liapid transfers of the cultures soon after curdling were helpful iu securing a pre- 
dominance of streptococc,i over lactobacilli. 


Table I (a) 

'rnmnaru of ohamderisiws med for fJte Glassification of lactic acid bacteria 

STREPTOCOCCI 



Table I (b) 

i^v.wumry of cli(‘nfcieristic6- used for the vkisstjicaiion of lactic acid bacteria 
LAUTUBACILLI 
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Wiicij agar or ]>iir})h‘. lactose ag}i.r, fortified with one per cent yeast aiitolysute. 
was g(Mnn’;i.11y empluytal for pouring plates. Almost all organisms grew well on 
these uH'diii a,iid formed clear colonies which wru’e easy for picking. In lati^r series 
of samples, yeast d(^x(a'<.>se. agar (‘.oiitaining one per cent sodimu eitradc wa,s cmployotl 
■4 ft)]' ejieouragiiig (he growth of h(.*tcrofcrnioiitative streptococci while l.oniato juice 

agar or wort agar was used, for cultivating .heterofermentative typos of lactobacilli. 
The vaiMous media wane prepared according to standard methods [Levine and 
Schoenlein, 1930 and Tanner, 1944]. The plates were incubated at 30°C., 37‘’C., 
and 45°C., for 3 to 4 days or longer until well developed colonies appeared. Small, 
discreet colonies with entire or irregular margins gr<wving below the siirfacf! and show- 
ing acid production were recognized to be lactic acid organisms. Under tin* low 
power (x 40) of a compound microscope they appeared either as smooth, rough 
or filamentous colonies. 

Well isolated representative colonies from eacii of the plates were picked into 
yeast di^xtroso litmus milk tubes and incubated at temperatures at wdiich the colonies 
iiad be.eu (‘ultivated. After the cixltm'es showed cvideuet‘ of growth they were 
examined microscopically and purified by further plating and r(‘pcji(ed sab-culturing 
in milk. In all cases, the organisms were te.sted for catalase ]n'oductinn (I'ccognized 
by the evolution of gas bubbles when 1 j)er (amt solid ion of iiydrogen [)eroxi(lo was 
added on to i he, agar colonies) in order to eliminate the catalase ]>osti ive microcoiad 
and other ('Oidatuinants which might he jnistaken for hu-tic acid bacteria. Only 
sxieh cultures as vvere found to b(^ catalase negative and as did not show appreciable 
surfa,ee growth on agar slants were presumed to be biitic acid ba.c1t.‘i'ia [Or!a ..lensen, 
1 942] and taken up ft):r further olxservations. 

A total of 720 isolates, including 290 streptococci and -130 lactobacilli, were 
obtained in the above mamici-. The isolates wau'c maintainc'd in milk a.t a low 
fxunpi'i’ature (iO"’ to 15°C.) and transferred once every tim da,ys. 

Ohtssijimllon and identificat ion of the organisms 

As the number of isolates to be examined was very large it was foujid convenient 
first to iTiake a. jireliniiiuiry classification of the organisms basiul (m well-recognized 
group clnuactoristics and then seh5ct a rnnited miinber of r<‘pi'e.'entative strains 
for further study and identification. 

PreJiminafij grouping of the organisms 

All the isolates wmre subjected to the following tests for their i)reliniinary classi- 
fication. 

Mieroseo'jde appearamce. Microscopic appearance and arrangement of tlie cells 
of oi'ganisms in frifshly curdled milk cultures -were exauiiiied. 

Action on litmus milk. The cultures (soon after cui'dling) were inoculated into 
jilain litmus milk and incubated at 37°C. ()l>sei‘ vat ions wei'e made regarding acid 
production, clotting, redii(‘.tion of, litmus, gas production a.nd proleolysis. 

Growth at dljfcre.nt tmtperatures. Young cultures of the organisms werii inoculated 
into plaiji litmus iiiilk .and yeast litmus milk and incnbabal at lO't'., 30°G., 37°C., 
4r)"('., and bO"!'. The rate of aidd production (indicated by colour of litmus) and 
lie. timi' of curdling w^ere noted. 
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of ymsl eiirmt. Th« infiumua.'. of yeawl-, <»i\ iJu; ^^rowl.h, of tJio 

orjfHulsmw was asH(‘.ssc<l by «)l).s<.a:‘viiiig Mit- relative ijme-iiitcii'vuls of tainlling in iilain 
aiid yeast litm, us injlk. 

Aroma proikMloii. Tlie dovelopuieni of typical aroma, iji i he abov*' nnlk ruH 
a.t r\Ti.l wunS tested orgauob^ptically. Productioji of awdyl met.liyl carltiftol and 
diiuaityl was also examined by the <?rea,tine tcjst |Haiumer, Ibbb], 

Fmo.eviation of M‘hvl<4 The tmltiires w(M’e iuoculat.ed inlti yeast ()e.|ti.(.Hie 

broth containing one per cent sugar and broni cresol purple. a.K indi<i:ii or a.iul im-uba toil 
at 37^0. Production of acid and gas in dext.ros(S 1actt)se, suen>se and tnalbtse broths 
was observed. Gas formation could not be, observed distinctly in, the suga,r brotb.s 
althoiigli a few cultures showed evidence of this in .milk cul (tin's. 

Dfilaihd exmmnatum of nelecMd onjawismH mul tlwk idmtijicatiov 

After a ])reliniinary e]a.ssification of the isohit.es was nuule (^fabh' 11) a seliM'ted 
number of <u‘ga.iusms in eiudi of the dilP'rent groups of streptoeoi’.ei and lael.obacilli 
were taken uj) Ibr further study. In making (he sehs'.tion, ali.empts were mad*' to 
iiiehuh* as far as jiossible organisms is«)la.t<*d from re])n‘S(‘nta,tiv«'. .siutipli'.s of dalA 
collected in dillcrent ('cntres in the eouutry parthudarly those from areas reputed 
for their industry. 

Th(‘. niorjdiologieal, cultural and bioeheniical charaet.eris(.ies of the.se (trgauismM 
were de.tennined by the methods recomineiide.d in the Manual of mot hath for Fam 
Oultani Studff of Bacteria [194.4], excej-it for some minor m<tdilleiitit»ns. Home of 
the speetfic t.ests for confirming the identity t»f (he: organisms were i^anied out 
according to the procedures suggested by previous workers. All (he reaetious were 
studied at. 37'’G., unless otlmrwist* stat.ed. 

(i) Morphology 

{a) Form, size and arrangement of cells in. fnvshly mirdle.d milk enlturc. 
by a mita’oscopic examination of the .smear, de.fatted with xyle.nc, 
fixed in alcohol and sta.ined with bora.x met.hyiene blue. 

(6) Gram staining and spore formation observcid in 21 liotu’ old agar eult uri'.s* 

(fi) Motility in 24 hour old dextrose broth cultures, 

(ii) Temperature relationa 

(a) Ability to grow in milk at 10, 15, 22, 45 and 5()"(*. 

{h) Resistance to jiasteurisation temperature (OJfXk for IK) minui.i's). 

(iii) Gidturd characieristdeti 

{a) Colony formation on lactos<>i or dextro.si' agar plates. 

(h) Growth on hustose n.gar slant. 

(c) Growth in dextrose or lacto.se agar .s(ab. 

(iv) (hoivth in uidlh 

(а) Action on litmus milk (acid, clot, reduction of litnius and prot t'oly.sis) 

(б) Time of coagulation of milk at 37*0, 
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(c) Maximum titratable acidity (percentage of lactic acid) produced in millc . 
after 7 to 10 days incubation at 37®C. 

(v) Chemical tolerance [Sherman, 1937]. 

(а) Alkali tolerance of streptococci (growth in yeast dextrose broth ad justed 

to pH 9*2 and 9*6). 

(б) Salt tolerance (growth in yeast dextrose broth containing 2 per cent 

4 per cent and 6 per cent MaCl in case of streptococci and 2*5 per cent 
and 6 per cent NaCl for lactobacilli). 

(o) Methylene blue tolerance (growth and reduction of methylene blue in 
yeast dextrose broth containing 0*1 per cent methylene blue). 

(vi) Biochemical reactions 

{a) Fermentation of important sugars, alcohols and starch (production of 
acid and/or gas in yeast peptone broth containing one per cent of the 
fermentable carbohydrate and brom cresol pnrple as indicator) ; 
Changes observed upto 20 days. 

(6) Utilization of lactate as a source of carbon ini 

yeast peptone broth containing two per cent >Lactobacilli only, 
sodium lactate [Foster ei uL, 1942]. J 

(c) Acetoin production from citrate in glucose free media [Abd-Bl>Malek 

and Gibson, 1948] for Streptococci only. 

(d) Production of carbon dioxide from glucose in semi-solid agar medium 

[Gibson and Abd-El-Malek, 1946]. 

(e) Reduction of nitrate to nitrite. 

(/) Indol production in peptone broth. 

(g) Ammonia production from arginine [Niven et ah, 1942] for streptococci 

only. 

(h) V olatile acid production in milk cultures [Hammer, 1948]. 

Results and discussion 

Preliminary classification of the organisms 

Altogether 290 streptococci and 430 lactobacilli were isolated from over 600 
samples of dahi [Laxminarayana et al. 1952]. They were found to form small, 
discreet colonies on lactose agar plate and under the low power of the microscope 
the colonies were observed to be round or oval, ranging from smooth to rough 
varieties. Surface growth on dextrose or lactose agar slant was very poor and the 
organisms grew well in agar stabs indicating their mioro-aerophilic character. There 
was no evidence of catalase production and all the isolates were Gram positive with out 
showing any endospore formation or motility. 

On the basis of the preliminary tests the isolates could be classified into tb.e 
following distinct groups with well defined characteristics (Table II). 



TaWell 

Preliiiiinarif class) ftcatlon of h^:fw acid bacteria isolated from dahi 
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Stre 2 )(.ococci : 

S, tJienno'phihis group (14:0 isolates) 


8, lactis 

„ ( 28 

» ) 

8. faemlis 

„ (107 

. ) 

8, dextranicum 

„ (15 

» ) 

•■tobacilli : 



L. Indgaricm 

„ (310 

„ ) 

L. casei 

„ ( 88 

» ) 

L. brevis 

„ ( 32 

„ ) 


It, will be ,seon iToin Tabic II tliat the streptococei included uiidoi: S. therm, ophilus , 
S.faecalis and S. kictis groups were all able to grow rapidly in milk, producing acid 
and coagulating milk within 24 hours at 37°G. The organisms in S. therm, ophilm 
group were further olwracterised by their ability to grow at 50'’C. (coagulating milk 
in 4|- to 12 liours), inability to reduce litmus and their ability to ferment lactose and 
sucrose vigorously. Some of them showed imusuu,lly weak fermentation of dextrose . 
Tlui iisolates in the 8, Imlia and S.faccalis groups showed .growth at 1{)°0. while the 
latter were able to grow at also. Both wuue able to reduce litmus and generally 
fermented niultose but rarely sucrose. A]3]3reci!ible development of ai'oma and 
acetoin production were noticed in milk cultures of a few isolates while seven organ- 
isms resembled S. Uqiiefrfdeus in their ability to proteolyse milk. 

The isolates in the last group {8. divxtrardmm) wn^-re generally slow'-growiiig types 
taking tliree to five days or even longer for coagidating milk. Their activity was 
considerably stimulatcfl by yeast extract- They showed a mai-ked development 
of diacetyl aroma in niilk cultures. 

The orgirnisms in 8, tliermophilm' and S.faeadis groups appeared to be the most 
predominant types of cocci occurring in daJii of ahnost all parts of the country. The 
8, Imtis group of organisms were obtained mostly from samples of duhi collected 
in Calcutta, Patna, Dellii and other places in north India during winter. The 
heterofermciitativc types of streptococci occurred mostly in samples collected from 
Patna, Banariis and Allahabad which are famous for their duhi. 

In regard to the lactobacilli, all the isolates growing at 45°C., but not at 10°C., 
and showing rapid acid jiroduction in milk have been included in Group I under 
L. hidgaricus group (Tlxeimobacteria). With the exception of the organisms in 
sub-group D, they generally appeared as long and slender rods, occurring singly 
(occasionally in long filaments) and showung metachromati(j granules prominently. 
Tb.e isolates in subgroiiji A resembled the typical L. bulgancun species in their ability 
to grow at 50‘^'C., their rapid acid production in milk (coagulating it in o to 10 hours 
at '50°O. and in 9 to 22 hours at 37®G.) without reducing litmus, their vigorous 
fei'inentation cf lacto«e and their inability to ferment sucrose or maltoscn .Che 
organisms in sub-group 33 differed from the above mainly in their inability to grow 
at 5()°C. and some of them were also able to ferment sucrose. The otlier two^ sub- 
groups included, organism, s which were generally able to grow at 50°G., reduce litmus 
and coagulate milk in one to three days. Most of them, fermented maltose and 
organi 2 ims in sub-groiip C fermented sucrose also. 
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TJk', isolaics ill L. v<mii group (Strox>tol>atjf;o.ria) ap|)cur<Hl uh aliorl; and iliiii rody 
occurring in i tains or siiort chains and showing granules occasionally. Thny siiowcsl, 
gnavih at and a few isolates grew at 45®!!. also. Kcarly 50 ju-r (‘cut (jf them 
V ere al)l(‘ lo c()a.gnlat<‘. iuilk in 2 to 3 days at 37®(J. while tliu. rest took 10 to .14 da)’s. 
ijii.iims was partiully reduced and both maltose and sucr(ts<^ wer<‘, gc.nt'rally 
teriuented. 

Th<^. i'iunuining lactobacilli, which wu>re characteristically slow acid. i>roducefB 
have; hcen included in L. brems group. They generally resembled tin*, isolates in 
L. cai-n'i group in their morphology. With, the exception of a f(Av organisms tlu'y 
(lid not gi'ow' at 45®C. bnt showed slow growth at 10®0. All the o.rganisms fcrnumUKl 
dextrose, lactose, sucrose and maltose. Half of them produc'd only slight acid 
in milk ev(in after a. niontli but in presence, of yeast (‘xtrac.t milk was (d)S('rved to 
e(.)agu!al e in 3 to 0 days, ^slight gas production was obs(‘rvcd in milk cultures of some 
of lli(‘s(‘ isohitc^s. The remaining 50 j)cr cent of tlu' isolates in this group were abb' 
to ('(tugulat e milk in 3 to 10 days and also showed high ai’(una. and ac<‘t,oin fortnaiion. 

The lacdobacilli in A. huUjitrum^i grmi]), parl.ieularly thos(« included in sul)-groups 
A and Jl of this group wiu'e found to oeemr in dnlu prodiicc'd in almost all parts of 
the country and these also formed the predominant, iloraof south Indian (luhl samph's. 
TJie (yrgatii.sms in A. msvi grou]) wore found to be tin*, predominant, types of laeto- 
bacilli, oec.urring in north Indian sampkss of du/wi, while, tln^ iiet.erolt'rnnmt.ativc 
type.s iiu.'luded in L, brmis group W(‘re found mostly in good sarnjhis of dahi obtained 
from (\i1eutta, Darbhunga (Bihai') and Mathura (IJtiar Fradesh). 

Thu.s, almost all the types of lacth; acid ba,e.l.('ria., report(‘d to be jn-estmt. in 
fomented milks [Corminboeiif, 1033; Tanner, 1044] were obsin-vt'd to ocerir in 
duM. Tlui lieiertdernuintai.ive stre])tocot;ci desi-ribed under S. dextimncuvi, groux)- 
IV, did not slunv any evidence of their ability to pirjdnee gas eitluir in milk or in 
dciXtrose biTtth. cultnivs in subsequent cxperiin(*.nts. They also became more vigo- 
rous acid in,‘oducers on .repeated sub-culturing. Tlu'sc astrains W'cre. a«u*ordingly 
<;onsid(W('d to be he.terofcrmentative variants of the oj'ganisms in A'. jdmtUt< group. 
Bimilarly, in t.lie cast; of tin*. liettM’ofernientativii ty])e.s of lacto])aeiUi inchuled under 
L, brevis, group HI only 12 isolates gave e.vhhme.e of gas formation. Tin*. r(‘st. of the 
organism, s wer(.'., therefore, (jonsidored to be het;ei‘ofermentat;iv(!i \'a,riants of the 
organisms in Group II. 

Detailed examination of edeeied isolates and their idenlifwation 

The results of detailed taxonomical st.udie.s on selected isolates (32 Htre])t,o(MJC.ci 
and 21 lactobacilli) are jnminfced in Tables HI (a and b) and IV (aandb). The 
organisms hav(i been grouped according to tlie spe(U{is with, wliicrli, they havt* he(m, 
identified on the basis of their tyxhcal morjdiological, (iidtural and liioc.h.ejnicHl 
charaofceristics (tn'dir; Talde 1). Photomicrographs of Ho.mc of the orga,ni.sms an*, 
shown in Plates I, If and HI. 

(.jci't.ain common characteristics, associated with lactic acid Iniekuhi as a group 
were observed for all the organisms. They were all Gram positive, non-inotile 
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ills am nf organism magnified 950 times and are of prepai'fitions of milk ci 
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Fig. UJ^Lactobacilliis phntaritm (L. 89) 
Crystal violet stained showing 
caijsulos. 


1 . 11. Ladobacill-us plantaru'tn (L. Sd) 
Dextrose broth ; Methylene blue 
stained showing granules 



H. LAXMINAEAYAITA et al 


39 


March, 1952 ] 

and non-spore forming organising and their colonies (deep or snb'surface) on agar 
were small, compact and round, oval or disc shaped. Under the low power of a 
microsco})e, the, colonies of streptococci generally a.ppeared smooth, and ronnd or 
oval sliapcd witl). entire margins, while in the case of lactohacilh both, smooth as 
well as rough and lilamentous tyi'x^s of colonies were encountered. Growth on agar 
slant, s was very scanty while good growth (filiform or beaded) was observed 
in a dcxiu'ose or lactose agar stab. None of the organisms was found to produce 
catalase, reduce nitrate to nitrite or produce indol. 

StrepoGOGci. It will be seen (Table III a and b) that the streptococci have been 
divided into four distinct s'peGms viz., S. tliermopJdhis (10 .isolates) ; S. hat, is (0 
isolates) ; S.faeeaUs (10 isolates) ; 8. Uquefamem (3 isolates) and heteroleriuentative 
types tentatively indontified as 8^ faecalis (5 isolates). It was not pos.sible to 
differentiate between the streptococci on the basis of tlioir m.orj)li.nlogy or colony 
cha,raoteristics sinc<‘, all. of; them generally appeared, as spherical or oval cells (0-6 to 
I'Op, diameter) arranged in pairs or short chains and Ihrmcal smooth coloiiio.s. Long 
cliaiiis of cells and. capsnlated forms were conspicuously shown only by two .strains 
of 8. thrrmo'pMltis (S. 2''10 and S. 197) and one of N. laHis (iS. Id). Signifioant dit’fer- 
ences were, however, observed in respect of growth at diftereut tem)}eraturo.s, action 
on litmus milk, production of volatile acid, acetolti, formation from citrate and 
productk)n of ammonia from arginine, which were of diagnostic value in the idon- 
ti,fication of their species. With the exception of th.e i.solate.s included under 8. 
Uqitefmiens and hetorofermentativo members of 5. /((cr.alis groups, there was no 
appreciable production of volatile acidity in milk. N'one, of the streptoeoced studied 
gave evidence of ga.s formation either in milk, in sugar bruths nr in sorni-solid glucose 
agar media. All of them fermented dextiose (except for two i-solater-; of 8. ther- 
mophihts) and lactose but in regard to J’emieiitation of other sugars considerable 
variations were encountered even in the case of organisms included in the same 
species. 

The organisms identified as 8. thermopMlus wem all characterised by the-ir ability 
to grow at 5{)°C., failure to grow at 10°G., resistance to pa.staurisation (G3°0. for 
30 minutes), rapid acid production and coagulation of milk without reduction of 
litmus, inability to produce acetoin from citrate or ammonia from arginine 
and poor tolerance to high pH, NaOl and methylene blue. The time 
of coagulation of plain milk at 37°0. ranged from 6 to 24 hom’S and the organisms 
were able to curdle yeast dextrose milk in 4 to 6 hours at 45 to 47°C. A firm curd 
with very little whey separation and a mildly acidic flavour was formed. The 
maximuTn acidity produced varied from 0-8 to 1*0 per cent lactic a.cid. Mo.st of 
thorn fermented sucrose but not maltose and dextrin. Three isloktas (S. 2'1:0, S. 258 
and (S. 252A) may be cousidered to be most typical of the species, although S. 252.A. 
feiMneiited maltose. Two of them (S. 240 and B. 25S) fermented dextrose ve.ry weakly; 
J ill course of time they were found to have completely lost their ability to ferment 

/ this sugar, while their capacity to produce acid from lactose and sucrose remained 

unaltered. The occurrence of a number of isolates in the 8. thermopliilm group, 
sliowing a similar inability to ferment dextrose, has been indicated in the preliminary 
classification of the organisms. This anamolous metabolic behaviour of some 
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strains of S. thmnirpJiMiifi rlosorvoH fnrthor inrestif^ation. Isolate 8 is an a typical 
stwon since it wjis able to tolornto 4 p(ir cent NaOl ami O'l per cent tm^tliyleiuj bine. 

?iix isobitos hiivo boon identilied as hwUs. Thi^sy wtfrn <listinc;nished from 
S. tJirrmophiluH in their ability to j^row at I0®0. ami failiiro to jofrow at ■l.o'hl, or survive 
(02'’0. for eO minutes, prodwjtion of ISfll} from arsxiiiine (except for oiui isolate, H. I*)) 
and tolcranco to fill 9*2, 4 per cent KaCl (except vS, 10), and 0*1 per cent snetlivdone 
bine. They woi'c able to coajpilato milk in 14- to 21- hnnnsat 27^0, and prfidueed a 
maximum acidity rau'diiii; from O'Th to 0-90 per 0 (mt hictic acid. Isolate J4, 157, 
which formoiited inalto.so and dextrin hub not sikm’Oso, may be considered 
to ho typical of the species. Two other isolates (»S. 99 and R. lot) cdosely 
re.somhled the typical strain exco])t for their inability to fornmnt nialto.so ami 
the lattor’s ability to at.tanlc snnro.so stroncjly. Isolate R, 10, wliieh 
formed a ropy curd, showed lonpf ehain.s of cells and <;a}},siihit*ul forms. It 
also failed to j;^row in 4 pen’ (amt NaO), prodnefuitnmonia from aryinina or hnineut 
ina1to.se and dextrin ; it tims re,soml>led aS'. e.mnoi'ls more clost>ly thiui /S', 
This strain is prolnddy similar to tlio ori^anisms de.scriiHul by Ju.shi 
and Ham .Ayyii,r [192f;| and Karri, ad [19501 except that it .showed ropiness. On the 
other luuid, isolate R, 57 showed .some rehOiionship to aS*. /ncc/d/.s' by its ability l.o 
tolerate pIT 9 () and 6-5 jier cent NaCl. 

The remaining strnptooooei (18 Isolate, s) have been inelnded in the Muteroeoemw 
group. They were abh' to grow at lO'dl. as wadi as at -IhTi. .ami, w'ith the exception 
of 4 strains, showed growth evon at .Vli of them survived pa.sl.eurisatiou 

(Gt'Hl for 50 miuntes) produced aiumoiiia from arginine and produced acid in milk 
followed by reduction of litmus auvl eoagiilation of milk. With the exception of 
two isolates iiliny also proiluced acctoiii in angai* frcis e.itrate (rieditim ami did not 
show any inhibition at pll 9*9 or !>y (h.5 pvc.’ c.oal. Nadi and 9’ I per cent luethvhme 
blue. Ton of these have been identilied a^ S. fai-r.id/ft, Tli.cy prodm‘-eil. acid and 
coagulation of milk rapidly (8~-2i hours In the case of 7 M];raius ami 2 to 1 d.i.ys in 
other case.s), the maximmn acidity ])i'oduced vaiying from (koP l.o 9-98 per e-ent 
lactic acid. Isolates R. 1 99, R. I, R. IIP, ,S. 1.2 1 ami R. 129 are typical of the .sfKuues, 
except for their variaiile behaviour in fermeutiug multo.se, arabiuost? ralfmo.se, 
salieiu, mamiite and glyccM’o!, vvlueli have been refiorted to l»e fennented by N, 
fmimlh [Breed, Murray and ilitchius, 1918 (, 

Three is(dates (R. !.?(», R. 198 amlR, 127) produced acid, reducoil litmus, coagula- 
ted milk rapidly (9 to 18 Imurs) and caused marked pi‘otei»lysis of tins tun'd. They 
were, therefore, idoutilind as H. liqif-fao/cKs, The ma.ximuin acidity jjroduced by 
the.m ranged fronr 9*55 to 9-98 per cent lactic acid. In addition to Conforming to 
the tyjiitail plivsiologicai reactions of thespeeie.-i tlmyalso produced acid from all tlio 
important sugars (suero.so malhosc, trehalo.se, raniuose, .saliein, mauuitc ami glycerol 
reported to lie Ormeiited by aSI /h/tf. /m-m/cv [Breed, Murray and IlitchiiH, lulHj. 
Isolates S. 198 and R. 127 w(‘.re foiiml to protiuce appreciable aimmats of volatile 
acidity in milk (15-5 and 2 ! *2 ml of K/ 19 NaOlC per 259 g. of milture, re ipecti vely). 

Isolates S, 297, R. 299, R, 25<>, R, 2l2 and R. 215, (doyely reieuibled thci previ(tiH 
groii]), excojitlor the fact that tliey ])rodnced acid in milk tuueh more slowly (taking 
5 to i days for coagulating milk) ami did not bring about any proircolysi.s of the curd"! 
'fhe miiximum acidity produced was O-bO to 0*90 per cent lactic acid. As tdmy also 
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prodnfiorl liiji;]] a?noim.ts ol; volatile acidity in. milk (25 to 33 ml. of N/IO NaOH 
per o| ciili,irr(i) ami i‘crnicnl.(3d ])eiito.ses strongly, theywerc orighially considered 
to Ijo .r<'ia!,(i(l lo /S', paranfrovoroii.s (Leucoiiostoc), but tlioir inal,)ility to ])i.*oduc {3 gas • 
li'om loian a<',ctoiu from, citrate in the absence of glucose or otlny’ source 

of <‘a,rbohy( Irate [OiUi]])boll and Gunsalus, 1944] and produce amonia fro iti arginine 
inxudnded theia.' I>eing ]tlaced in this category. On the other hand, they resembled 
the ltnto.rococciis group more closely (paidioularly S. liquefacAenfi) in their ability to 
grow at liigli. tianporatures, resistance to pasteurisation '(63°C. for 30 minutes) and 
their tolerance to alkaline pH, 6*5 per cent NaOl and 0-1 per cent methylene blue, 

/S. Hque/ddriis lias been rG]3orted. to lose its proteolytic character and this organisni 
as well as Jaec/dis have ivecn reported to produce volatile acidity in milk [Long 
and .Hammer, 193(1 ; .Davis ef, ah, 1939], These isolates may therefore be regarded as 
lietcrofermei t tfd-i vc variants of H.JacGalis or /S', liquefaciens or they may form a distinct 
species in the Dntorocociius group of streptococci, 

LadohadlU. Tlie lact(d)ac,illi have been classified (Tables IV a and b) into six 
different H]ic('.i(5s, L. hdfjdrmis (7 isolates), L. lacf/bs (3 isolates), JC. helvdious 
^2 isolates), L, aasiu (4 isolates), L. phmtamm {^molstiUis) and L.feYmmti {% isolates). 

Tlui isolat.es Include* I under tlu^ first three species (Thermo bacteria.) wer(3 character" 
iz(;d by their ability to gj'ow at bO^C., failure to grow at resistance to pa,steim- 
sation (G:TTJ, for 39 minutes) and rajiid acid production and coagulation of milk in 
13 to -Kt hours at/ 37°Ct. Yeast dextros(3 milk was curdled in 6 to 10 lirs. at 45®C., 
and, with the excejjbion of L. hidffanms strains, all the isolates reduced litmus. Th(3 
luaxiinnni acidity ranged from 1*7 to 2*2 per cent lactic acid. They formed a firm 
iunl Ingldy iwa'd cur<i with very little whey separation or volatile acid production 
aiid <lid not prodime gas from glucose or show growth in’2 per cent lactate medio. 
Their jo^owth was not inhibited by 0 per cent NaCl but results regarding tolerance to 
2-5 per cent Nald and 9*1 per cent meth 3 dene blue were variable. All of them 
ferniented (lextrose and lacitose vigorously. Their further differentiation was 
nnunl^’' based on slight morpiiologh^al variations, their ability to reduce litmus, and 
dilterences in the fei’moutation of sugars partioula,rly of maltose and sucrose,, 

TIh^ strains of L. hulqaricnn appeared as long slender rods (3*0-4’'5x0*5-0*7[ji) 
usually occaii'j'ing singly and occasionally in long chains or filaments, showing 
im 3 tac.iiromn.tic granules j^rominently when stained with aqueous methylene blue. 
Agar eolonio.s < 3 l‘ these organisjns were of the rough type and were highly filamentous. 
Tsolafes L,99, L,393 and L.409 may be considered to be typical of the species except 
fur their tuh'rance to 2*5 per cent NaCl and fermentation of ara, binose ; L. 90 had 
Ihc ability to (brnuait malfosc slightly. One isolate (L.l) ferimaitcd arabinosc and 
siu'rosu strongly and maltose slightly. Thcise organisms a.pjK*ared to he analogous 
1,0 t.lu'. lacfoiiacilli associait'd with Yoghourt, Kefir and other rermented milks of the . 
J\rcdit.<'iTam'a,n and IM'iddie East countries although the very high va,lues of acidity 
(2-r3-4 <‘<'.jit.) rtj])orU'd liy jircvious woikers [Hammer, 1948] were not olitained 

with tluun. They nr<‘ probaldy similar to the organisms described by Uhuttorjoe 
[J9101 under t.hc name ‘ Sli'c-plolJiriw daihi ^ and later by llam Ayyar [1928]. 

'riirci' isolat(‘s (I j. 32(5, L.37(> a,nd L.395) have been identified as L. held nniinly 
un accunnt of their ability to r<*(luce litmus and ferment sucrose, nialto.si', arhinose 
a, ml other sugars which are not attacked by L. hidgarimn. Morphologically they 

t) 
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s)|)[)ca,r{uj to^ i)c sliglitly diftcmit from L. hulgancAis <t.s fcUcy sliowani many a.iirvt'd 
a.ml c.oili'd Joruis jind oociiisiomilly coiikiiiiod morii iiiimcroiis a;ra,nul<*M in i.ln' crijs. 
!u a.ll ot:i).er I'nspcuts tlio.so organiKiiis cloaidy rcHcJiildotl tlu^ L. st rain.'. 

■I.sola.tcfr: Jj.liJ iuid L. IBt), which luivc be( 3 n idniitilu'^l a..s Jj. fichmliciis dil’l'ai'isi 
(roni (-.lie above tr\vo species in appearing as sliorlan.’ and (JiiMiH'r cell,''; a.iTaneed ie, 
pairs ol palisade lorniation aiinost resembling hhe crells of L. c<i„s(ii: 'rhe c.oloiiies 
hmiKid were generally oi. the ‘smooth’ type. The orgauisttis weni inlii!)ii.t“d by 
i’b per cent NaCl biib not by 0-1 per cent methylene blue., Arabitiose and malliose 
■were .[crniented while sucrose, ralhnose and salicin were not al;<;acked. 

Iho organisms included under L. casei and L. jdanlaruHb spee.i(}s (Stix'-ptob; 


grow at 10°C. and with the exception of one isolate, (b.ldT), at 
at 50°0. Resistance to pa.steuiisat-ion (lIG'-’O, 


45°C. None of them sliowed growth at 1 


lor 30 min.) was, however, variable. They produced aci<l in milk more- slowly (.lum 
the I he mio bacteria and took 3 to 4 days or longer to coagulate Jiiilk ;it "M'Xk 
.Maxlminu jicidity produced was 1*4 to i-0 pt;r crint lactic; acid in, the, cast; of fj. 
skains and less than one per cent in otliers. They did Tiot show :i,nv ga.s format imi 
trom glucose and with the; exception of two isolates (.L,80 and h.73)' th'y did not, 
produce any volatile acidity in milk. Tij,ey wenn able, to gro'w in two p<*r cent 
a(;tat,e a,nd tolerate 2-5 per cent concontratiem of Na(Jl. All of them wme inhibit od 
by 0*1 per cent mctliyleno blue. .In morphoiogy, tliey wc're ch;ariv (list i}i!.',ui,'':|u‘d 
Ixoni L. hulgarkm and related strains by tlreir a,pp<',ii,ranea! as v.i-y'.'dmi-t aia! thin 
lods (l*a-2*5xO*2g) occurring in pairs, cihains, palisade idrination ami oe-eiisiojiallv 
in long Idamcmts. Graimles wctc not prominent. In the c;a.sc ol* L.L57, two i.ypel'; 
oi cells --one short and thin a.iul the ot.lmr large;!.* in si/a*. with rounded emds -w<‘.t*\,* 
were sliown by tin; h,etc‘,n!.fea.'.imud.ativ(; strai!!;; (Ij.HO and 
L.73) m India ink preparations of tire sm.i!a,rs. Tin; (jitlonic's formed by a, II these; 
oigamsms were ol the ‘ smooth. ’ type. All the i.se)Iate.‘,s fermemted irrabiuee.se', xylose, 
dextrose, galactose, sucrose, maltosce, liiedose, treha,lose and geiim-ally saiicin icnel 
iiiamiitol. 

.fsolakes Jj.'lOl, L.lOJ a, L.HI a,Jid .jj.J.ol, a,ppe;a,re!(! to be; typical sti*ains etf 
h. cm l-rom tlienr itmrphology, ro.ductioji e)f litmus a, ml ra,i-e of'aeeid pimdue;! iem, 
maxniiuin acidity jiroduced (.1*4-.1*6 per cent l;u;iac ii.cid), sugar fe;rtn<!iitatie!a c ;i.i!d 
tolerate 5 per cent NaCi (ccxccjpt for isolates J j.84 ami Jj. 131). I si dt t,e 
L.iO/' has liecni identilied as L. phmtamm on a<;e;ount eif senne elill‘e,‘,renee,s .shown by 
respect e^f morphology, rate of jicid pr(,>diie,'.tion iji miilv (t.aking 

0 to 7 days to coagulate milk at 37X1), inability to reduce; litmus, a ne.l low inaximum 
acidity produccKl (0*5 per cent lactic acid). 

1^*73 closely .resembled the h, planlanuH, strain c'xcepl. for 
tlu'ir ability to Ijroduce high volatile acridity in milk (2()-3() ml. of N/Li) NaOH, per 
wOO g. ol cultu.re). .Lhe curd formetl was weak in texture but was ii.ssoei;t,i.ed wii h 
a strong diacejtyl .liavour. These organisms have I.K‘en. considemed lo be; helero- 
lemiemtative variants of L. phntamm, and not included undeer ,lh;ia,ba,ele‘!*ia, in view 

01 then* compjiratively rajiid rate of iuhd production in milk, faihii'e; to prexlue.e <>a-i 
Irom gduco.Ho and marked fornientation of arabinose. BimiLu* stra.itis of L phmtannA 
do not appear to have ixmi reported in fermenteel milks, although Sh,e'rwe)od |'1P3PI 
has relcrml to their ex ecu rreiicc in cheese and suggested the possibility of tliedr b.'ing 
intermediate forms between L. casei and Z. brem 
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'i.’kttic, isoluticss (ij.!.21, L.124: and L.414) wore found to povS-sosH tlic cliaracfcoristios 
ot UoJaJ.nuilHM-ia. '.riu\y grew very «lowly in milk producing only jicid, and milk 
wa.M iioi; coagidiitod oven wlicn inoubjUxjd for over one niontli at 3(>'’(J, (niaxinuun 
.'icidila'^ ln'iog 0*;i per cent lactic acid). Additioii of yeast extract; .stimulated a.cid 
prod lie, tion. iuid. a, weak curd was formed after 10 to 15 days. Tlie organisms 
l>roilite.e,d ga,s from glucose and high imioimts of volatile acidity m milk. They 
gr(',w in t;\vo ])ci.‘ cent lactate, raediuni but were inhibited by 2-5 per cent Nad and 
t)*l jH‘.r cent methylene blue. In morphology they resembled L. cmd .strains except 
t]]at sligiitly longer cells were also encountered. The colonies formed were of the 
.smooth type. Ilextrose and lactose were the only two sugars which were 
fermented to any tippreciablc extent. The organi.sms were aide to grow at 45°C. 
(except for i.sulate L.414), but not at 15°C. In view of this ju’operty, a.s’ well a.s 
tli,e.ir inability to ferment arabinose, the isolates have been identified as L. fiii'wenti . 


SUMMAEY 

Studies (Ml tli(‘. i.solatioii, ediamoterization and ebcssilication of 2i)0 .streptococci 
a.ud !:5() Ia.ctobae,illi, i, sola, ted from over 500 samples of dahi collected from different 
pai'ts (if Itidia, a,re r(‘po,rt(i(l. 

On the ba,.sis of (;.erta,in important Gharaoteristiosd he isoiat<\s were broadly 
cla.ssiii(‘(l Into dillereiit group,s. The streptococci were divided into 4 groups, 

N, llh'fniophihi,fi (bio isolate.s), aS'. laot'k {28 Isolates) S. faemlw (107 i.solates) and 
S. (15 i.soja.t<>.s). Tim Lactobacilli, were elas, shied into 3 groups, w®,, 

L.. bHUfitfh'.Hii (3>10 isola,fce,s), L. eimi (88 i,solates) and L. brevia (32 isolates). 

lie.presiMita.tive i.solates .S(d(H',ted from each of the abovi^ groups were studied 
in (h'tail bu' tiudr ,spe.<iie.s idmitilication. The .spe.cie.s of .streptocoeci identified 
itudiuh'd S. llurniiip/iihifij S. ludlfi, S.fmxdisyiiud S. liquifaemns widit'. amongst the 
lii,idnba.eiili, h, huUpu'ituiH b. laef/k, L. helmticm, L. casai, L, ■pluntumm, ^XT^({ L, 
JWtHi'iiJi \v<‘r<‘, <‘,ncount(U'ed. Some heterolermentative streptoco(‘.oi and Jactubacilli 
we!,‘<‘ identiHe.d a,s vaahuit.s of S.faeouUs a.nd L. ■plwntamm i'e,s])ective]y. 

Aiiumg.st' idui .strt^ptococc/i isolated Irom S. themwpMlus and S.faeoalis 

\ver(^ (umoiintensl most fi'etpnmtly while L. bidqarkms was the most commonly 
occurring la, ctobacillus in this ferjiiented milk. 

'Pile he-terofertuentative .streptococci and lactobacilli were almost invariably 
as.s(K‘ia.ted with d(du of good aroma and other desirable qualities, obtained from 
(rad res ill irtiiir Ih'adf'.sli, Bihar and VV'e.st Bengal. 
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REDUCTION IN MILK YIELD IN INDIAN DAIRY CATTLE 
BY ARTHROPOD INVASION AND ITS CONTROL . 


By I>. C. J^ASU, 0. M. SiEN Gupta and P. BALAHAatau Mbnon, Indian Veterinary 
liesearch. Institute, Izatnagar, Uttar Pradesh. 

(Keceiyed, for publication, on 16 October 1960) 

I T is well known that ectoparasites when present in large numbers cause annoyance 
and irritation to animals. Sometimes their intensity is so great that the animals 
are worried day and night. The annoyance caused by them is manifested in various 
ways. At times the cows are so frightened by the attack of Lyjpewsia exigm that 
wliile grazing they huddle together so as to give one another as much protection 
as possible. They scatter themselves to prevent the attack from sand-flies, the 
animals keep constantly walking and thus keeping their condition down. Buffalo 
flies caus(} sores about the eyes, dewlap and body of the animals and thus cause 
constant worry to thorn. Constant biting of ticks makes them irritated and weak 
due to loss of blood. 

The use of iuaecticidal sprays to save cows from the attack of the biting flies 
is now considered one of the effective methods in all progressive countries of the 
world. The use of the fly trap can be of value only on a small scale as in a dairy 
farm where cattle are quiet and can easily be trained to go through. Moreover^ 
fly traps cannot be of any use in ridding the animals of parasites like lice, ticks, etc. 

The factors which determine the production of milk are so numerous that a 
large mmiber of controlled observations are considered necessary to find out an 
exact relationship between the invasion of ectoparasites and the production of 
milk. Various opinions have already been expressed on the effect of ectoparasites 
on milk production and on the fattening of cattle. 

Freeborn et al. [1925] appear to be the first whose attention was drawn to 
this problem and they conducted a large series of experiments onscientifi.o lines 
to evaluate varying popular belief about it. From their series of experiments it 
was shown that 9*26 per cent of the loss in milk flow was caused by stable flies 
{Stomoxys calcitrans), 3-3B per cent by house flies {Musca domestica), 1*4: per cent 
by horn flies (Siphona irritans) and 4*11 per cent by the use of certain repellent 
sprays. Later on Bishopp [1930] recorded that the farmers estimated 40 to 60 
per cent reduction in milk yield as due to stable fly invasion. It is not quite clear 
from his report if this estimate was based on scientifi.c data. Sen [1939] carried 
out experiments on five Sahiwal cows and concluded that an appreciable increase 
in the yield of milk could be effected by controlling Lyperosia exigua and Musba 
eras sir ostris in India. Belschner [1945] recorded a drop of 15 to 50 per cent in 
milk yield and from a few mouths to a few years delay in fattening of cattle due to 
an attack of buffalo flies, Lyperosia exigua alone, though he felt that the statement 
needed confirmation by careful planned experiments. Later on, Bruce and Becker 
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[1947] in their well planned experiments showed that there was a high degree of 
inverse correlation between changes in milk production and fly abundance. Tima 
there is no doubt that fly worry does result in a drop in milk production and some 
delay in fattening. . 

Considering the seriousness of shortage in milk production in India and the 
very limited nhmber of experiments conducted on the subject, this problem, was 
taken up by the Indian Veterinary Besearch Institute with a view to flnally assess 
the amount of loss in milk production in this country due to arthropod invasion 
and to find out a suitable control measure to combat the arthropods at a very low 
cost. The results so far obtained from the present series of experiments are recorded 
below. Further work on the subject is in progress. 


Mateeial and methods 
The insecticidal sprays used are as follows : 

A High speed Diesel oil . . . * . . . 92 parts 

Pyrocide 20 . . 5 parte 

Pine oil . . . . . . . . . . 3 parts 

B Ext. Pyrethrum Liquid (2 per cent) , . . , , 6 parts 

Kerosineoil . . . * . . . . , 9B parte 

0 DDT . . . . . . . . . . 1 gm. 

Kerosineoil . . . . . . . . . IBc.c. 

Water 1000 o.c, 

D Ext. Pyrethrum Liquid (2 per cent) ... , .6 c.c. 

DDT . , . , . . . . . . 0*5 gm. 

Kerosineoil . . .... . . . 96c.c. 


The animals were mostly of Hariana breed from the farm and had nearly the 
same lactation period. The sprays were applied all over the body excepting eyes 
and udder by a mish sprayer every day at six O’clock in the morning. TJic parts 
which received more attention were the neck and the wither. Approximately 
60 c.c. of the mixture was used per animal per day. The operation was continue.il 
daily for one month and separate controls were kept for each series of exp(‘riinents 
Five such series of experiments were conducted, and the milk records not only for 
the period during which the spraying operations were carried out but alsf) for one 
month both preceding and following the operation were kept. The five series of 
experiments were conducted during the different seasons of the year, vib., the hot 
the monsoon, the post-monsoon and the cold months. January and February were 
taken as cold raojiths, April and May as hot months, August and September as 
monsoon period and October and November as post-monsoon months of Ixatnagar 
Bareilly. Incidentally it may be mentioned that the area has extremes of climate’ 
the temperature varying from a maximum of 115° F. in hot months to a minimum 
of 41° F. in cold months. The rainfall during monsoon months is usually 42-15 
■Inches . ^ 
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The ectoparasites commonly recorded in the area on cattle are ; (1) Musca 
(mostly nebulo Wied.) (2) Musca crassirostris Stein (3) Lyperosia exigua de Meij. (4) 
Stomoxys calcifrans (Lion.) (5) Hippohosca maculata’Loia.Glix {Q) Hyalonmia aegyptium 
Lirm, and (7) BoopMlus australis Fuller. Nos. 6 and 7 were found more or less 
througliout the year though in the months of January and February they w 
more prevalent. Nos. 1 to 4 were found, frequently attacking the animals. 

In order to evaluate the increase or decrease in milk yield the follow.ing pro- 
cedure was adopted. In each group the milk record was reduced to the number of 
pounds per cow per month for the periods during which spraying operation was 
conducted as well as for one month both preceding and following. In Tables I 
to V the milk yield per cow per month preceding the application of spray was taken 
as the base and in Tables VI to IX the figures for the -period when the spraying 
was done was taken as the base. Over these bases the percentage of milk yield 
was calculated and was compared with the controls to find out the apparent increase 
or decrease in milk yield. 

Experiment 1 

Twenty ajiimals used for this experiment were divided into four groups, three 
groups rtsceiviug one of the sprays k, B and C and Group E served as control. The 
spraying operation was performed in hot weather for one month during April to 
May 1948 when the de.nsity of ectoparasites was at a low level. The result of the 
experinumh is presented on Table I. It may be seen from the Table that there was 
an apparent increase of 4-7 to 10*3 per cent in milk yield over the controls. 

Table I 


Effect of various insecticides on milk yield during hot season. 


Oroup receiving the spray 

iTnniber of 
animals 
in the 
group 

lb. per cow per month 
for a period 

Per cent 
of base 

Per cent 

1 apparent 
increase over 
control 

11-3-48— 

9-4-48 

10-4-48— ^ 
9-6-48 

A 

6 

517 

482 

93-2 

-i-4-7 

B 

s 

3714 

361 

94-6 

-f6-0 

0 

5 

3374 

333-6 

98-8 

-1-10-3 

E (control) 

B 

283-6 

251-2 

88-5 



Ex'periment 2 _ 

Twenty live animals were used for this experiment. They were divided into 
five groups, out of which four groups received the different sprays A, B, C and I) 
and one group E remained as control. The spraying was done for a month during 
Align st-September 1948 when Lyperosia exigua (de Meij.) and Stomoxys calcitrans 
were found in fair numbers. Musca. (mostly neftwZo Wied.) was present in very 
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large miml)ers. Tlie result of this experhueiit is given below in TabK*. II. 

also there was an apparent increase of 2*2 fco 1.1’0 per cent in milk yield nver the 

controls. 

Table li 


Bjjeoi of vunous insm iGides on milk yidd duriny //(.oa.swo/ f«'<o<o)i 


Group receiving tlie ,?pray 

Number of 
animals 
in the 
group 

lb. per cow per rnonih 
for the period 

i Ter cent 
ot' base 

J\'r cent 
npimreul 
iiicroaHu 
over control 

19-7-48— 

18-8-48 

19-8-48— 

18-9-48 

A . 


240-6 

23{5-5 

98-8 

-1 ll-O 


5 

1H8-0 

184-8 

92-;$ 

4 5-0 

0 

r> 

is.i-O 

2n8-4 

90-7 

+ .1-4 

I) 

Cy 

270-J5 

241-8 

M9-r» ■ ' ■ 

4-2-2 

1C (oontrol) 


;ie8-3 

;ii7-u 

87 ‘‘.l ■ 



Expef imeni 3 

S^jraya A, B, 0 and D were te-sted on four grt>n]>s, eacli gronp consi-st ing of four 
animals. Group K consisting of four animals served as cuiilrol. 'I’lie spraying 
operation was conducted for on(‘. mouth during Oclober-November lUlH. Tin* 
following eetojiara.sites wore pr(*val(‘ii1 during the period : (1) Hi ppnhmro woruhita 
Leach (2) Lyperodu. exigua (d(^ Meij.)(;i) tSlomoxgs culdilmns (Innu.) aud(4)u large 
mmiber of Mmm (mostly nchvh M'ied.). The n'sult of the ('N])erimeid, is sluuvn 
in Table III, It may ho. notie.cd from tlui table that heni also there is an apjau'imt 
increase of milk yield from 4-2 to 21*7 per cent over o(,»ntrt)ls in groujKs B, G and D, 
though there was a little decrease of 2*7 per cent in group A. It is ruthtu* diiliciilt 
to explain this decrease. 

Table III 


of various insecticides on milk yield during past, monsoon sejison. 


Grou]) receiving tlie .spra.y 

Number of 
animats 
in the 
group 

lb, per eow per moirth 
for the period 

.!‘(t cent, 
of Imse 

Ber cent, 
apparent 
inerease 
over conroi 

9-9-48— 

8-10-48 

9-10-48— 

8-11-48 

■ A 'i 

4 

247-6 

-.214-5 

8(5-7 

-2.7"' 

. B 

4 

3.36-0 

314-5 

93-6 

+4-2 

C 

4 

414-0 

442-2 

100*7 

+,n.-3 

■ '■» 

4 

1 

400-5 

466-0 

ll'M 

+21-7 

E (control) 

4 - 

449-0 

401-6 

89*4 



Experiment 4 ■ ^ \ 

Fifteen animala uaed for tliis experiment were divided into five groups of three 
animals each, the first four groups receiving sprays A, B, C and D and -the last group 
E remaining as control. The spraying was done for one month during Jamiary- 
February 1.94;9. Lyperosia exigua (de Meij.), Stomoxys calcitrans (Linn.) and Musm 
(mostly nehulo Wied.) were present. The result of this experiment is tabulated on 
Table IV from which it may be seen that there was an apparent increase of 3*2 
to 9*4 per cent in milk yield over controls. 

Table IV 


Effect of various insecticides on milk yield during cold season 


Group receiving the spray 

N'umber of 
animals 
in the 
group 

lb. per cow per month 
for the period 

Per cent 
of base 

Per cent 
apparent 
increase 
over control 

20-12-48— 

19-1.49 

20-1.49— 
19-2-49 ! 

■' A ' 

a 

292-0 

248-5 

85-1 

-1-3-2 ■ 

B 

3 

256-3 

238-0 

92-9 

+ 11-0 

■ ■ C 

a 

462-5 

417-.5 

90-3 

-1-8-4 

D 

3 

255-0 

233-0 

91-3 

-f-9-4 

E (control) 

3 

429-3 

351-7 

81-9 



Experiment f> 

As ,m the previous series, 16 animals were used for this experiment. They 
were divided into five groups of three animals each, four groups receiving the four 
different sprays A, B, C and D and one group E remaining as control. The spraying 
operations were conducted for a mouth during May 1948. Hip])ohosca maculata 
Leach and Musca (mostly nehulo Wied.) were present. The result of the experiment 
is given on Table V. It may be seen from the table that in all groups of sprayed 
animals there was an apparent increase in the milk yield varying from lOd to 12*4 
per cent over controls. 

Table V 

Effect of various insecticides on milk yield during fmt season 


Group receiving the spray 

Number of 
animals 
in the 
group 

lb. per cow per month 
for the iJoriod 

Per cent 
of base 

Per cent 
of apparent 
increase 
over 

1 control 

1.4-49— 

30-4-49 

1-5-49— 

30-5-49 

A 

3 

365-,9 

345-7 

94-0 

+ 12-4 

B 

3 

245-7 

228-7 

93-2 

-f 11-0 

0 . 

3 

326-7 

300-5 

92-3 

-l-lO-l 

D 

3 

208-7 

197-7 

92-8 

-1-10-6 

E (control) 

3 

464-0 

381-3 

82-2 
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The record of milk yield for one moiilh ol \ . ' 
following the application of the spray » 1“ \ 1 iu 

It will ho noticed that the improvemcid '''""f', h.v 

all tlie series of experimouts even t-lumgb ^ ‘ j . ,| ha-l su 

them. This can only he a»d to f'« 

keeping tlic ectoparasites xn ckeck and thx, i > 1 - 

production. . , i. , iK.,i...-hiu-ni. -I, iuiM iiot 

The data of milk yield for the period alter “I®‘f*"J|i.Xh' "sotm- »f iho uhlmuk 
been tabulated as the milk record figures were not avad.d.U . 
being sent oxitside for other ptiri)Ose8. 

tons VI 


Group rocoiviiig tlio upray 


A , 

B 

G 


E (fiontrol) 


NuMitur of 
animab 
iatlio 
group 


lit. por <’ 0 \v por nioul!) 
for tlio poi'UKi 

IVr (M-ui 

I’lT 

u)' UfiflUfUf 

ltl-4-!S- 

‘).rt-{« 

to.n-iM 

p.p.lH 


trVttriitHtS’i'l 

■ 4S2-(j 


H'7-7 




Sti'l’ ! 



ilTi'fS 

S;.’‘7 

l-ti 


illi-s 

SMS 



Table VII 

Meet on milk ykU following afplimtinn ofmrm>< dnnm 

monsoon snason 



NuiuIhu' of 
aniuialM 
in tho 
group 

1 . pt'i’ (unv ])Oi uuiutti 
l'(ir tlio pui'ittd 

Per ''(‘111' 

.fill 

fif appa.i f-u* 

Group rooeivlng the spray 

ip-s-is- 

184MS 

10- '.MS- ■■ 
18-10-4S 

.,t Its- »• 

f»vt f f>'llt lid 








A 

5 

S36-r> 


»j:p3 


■ B 

5 i 

1S4-8 


iifi-o 


C 

, r» 

2rts-i 


U)iu4 

I S-:l 

D 

5 ■ ■ 

24 1-8 


s-l-if 

gf* 

E (control) 

5 

'MI-0 
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Table VIII 

on 'inilh yield following of mrious inseoticides during imst 


monsoon season. 


r u i't;(.!i,iiv,irig tlu; spray 

Number of 
animal.<t 
in the 
group 

lb. per cow per month 
i for the period 

Per cent 
of base 

I’or cent 
of apparent 
increase 
over control 

9.10-48-- 

8-11,48 

9-11-48— 

8.12-48 

A 

4 , 

214*6 

183-0 

85-3 

+12-4 

B'" 

■ ■■ 4 

314-5 

265-5 

81-2 , 1 

-b8-3 

G 

.■4 . 

442-2 

371-0 

83-0 

H-11-0 

l> 

4 

4<i5-0 

442-6 

06-2 

, +22-3. 

E(GViit.rol) 

4 . 

401-r) 

292-5 

72-9 



Table IX 

BffiTi on wMh yieM following ap-pUcation of mrious inseoliddes d,unng hot season 


Qronp recci-ving the spray 

Number of 
animals 
in group 

lb. per cow per nionlh 
for the period 

Per cent 
of base 

Per cemt 
of apparent 
increase 
over control 

1-5-49— 

30-5-49 

31.5-49— 

29-0-49 

A 

.3 

345-7 

298-0 

80-3 

+ 11-6 

B 

.3 

228-7 

189-3 

82-7 

■+S-0 ^ 

C 

3 

300-5 

248-0 

82*5 

, 4-7-8 

I> 

3 

193-7 

170-0 

87-9 

-4- .13-2 

E (control) 

3 

381-3 

285-0 

74-7 



The detailed result of the comparative efficacy of the four different sprays used 
in our series of experiments may be seen from Table X. 

The spray B which is a mixture of pyrethrum and BBT is decidedly superior 
to the other ones so far as incrcse in milk yield is concerned. With regard to the other 
sprays, viz., A, B and 0 there is a slight variation in the results during the period 
of spraying and its after eifects, whereas spray B has given consistently good results. 
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Table X 


Per cm,t, uppanmL inaredsa or davrmsa in milk yield over eoutrol hi, all eMperimculv 
urith th‘, yroup reoem 



From tli6 aFove table it is also seen that during tlie period oi‘ spray tiie iiiei-oasi^ 
in milk yield varied betwf'cn 4-7 and 12-4 per cent in tlie series of experimeni-s 
conducted during tlie bob season ; (letwiam :5-4 and 21-7 per cent during tlie monsoon 
period; between —"2*7 and 11-8 per cent during tlie post-monsoon period and 
between 3-2 and 11*0 per cent during tlie cold season. 

It is generally noticed that the incidence ol* arthropods is consideriildy reduced 
during the hot months and. the animats an*, given .rrc.ipient hatlis. During tlu! 
monsoon, the insectiiudal siihstanciss are generally washed out when the animals 
are out in the raii.i. During the poslrmons<.)on moj.i.th,s, the iucidemie o.f arthrojiods 
is decidedly increased and during the coUI. ino.iiths the aiiinials are not inclined t.n 
have frequent baths and as such the ius(.>c;ticide8 applied are not likely to be washed 
out. 

Disoitssion 

It will be clear from tiie fortigoing observations that in our series of experhm'ut s 
a definite increase in the yield of milk is naticeable in the sprayed animals as compared 
to the unsprayed controls. In Australia the decrease in milk yield due to one 
species of biting fly, Lyperosia cmgua, has been reported to be as much as fifty per 
cent [Belschner locxit.]. Such a high percentage has not been recorded for any other 
country so far. The Australian report shows that only one species may be respon- 
sible for reduction by fifty per cent whereas in India wc have more than half a 
dozen important species which infest our dairy cattle. Yet oiu* raaxinmin reco('<l 
of only twenty-two per cent reduction may bo explained by the fact that in A.usf;ra,iia. 
the density of tliis single species is very high.' Moreover, onr observation was 
made- in a government dairy herd where the general hygienic condition is <lecidndiy 
bottler than that of a private farm. If this scries of experiments are conduc-tod iii 
a private farm the percentage may he higher. But the maximum percentage of 
twenty-two is very significant in our country whidi is much below self suiricieucy 
level in milk supply, whereas in other countries there is surplus. It will bo of great 


help to our country to become self sufficient in milk supply if this large quantity 
of milk which is lost annually due to arthropod invasion could be restored by using 
proper control measures. Much more work will have to be done to find out the 
most optimum spray fluid, the per capita cost of wdnch could be kept at a low level 
so as to make it economically feasible for the average farmer or villager to use it 
on his cattle ' without any risk. 

SUMMAEY 

Five series of experiments were conducted in different months of 1948-49 on 
95 dairy cows with four insecticidal sprays in order to ascertain the effect of ecto- 
parasite control on milk yield. 

The experimental animals of each series were divided into four groups and 
each group was treated with a different insecticidal mixture for a period of one month. 
About 60 c.c. of the mixture was sprayed daily on each animal and the cost of this 
quantity was calculated to be slightly less than an anna. 

The milk record was maintained for the period during which the spraying 
operation was carried out and for one month both preceding and following the opera- 
tion. Equal number of control animals were also kept for each series of experiment. 

The use of the sprays not only reduced the ectoparasites but was also found 
to result in an appreciable increase in yield of milk. 

Of the four different sprays, A, B, C and D the spray D which is a mixture of 
pyrethruin and DDT was found to be more effective and has given consistently good 
resuHs, 

The (dlV-ct of the various insecticides was studied in relation to the various 
seasons also. 
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CLIMATE AND ANIMAL HEALTH 

I.-~-SlASONAL VARIATIONS IN THE TULSI RATB, BISRIEA- 
TIONRATE, BODY TEMPERATURE, BODY WEIGHT AND 
HAEMOGLOBIN IN NORMAL INDIAN CATTLE 

By D. N. Mulligk AND N. D. Kehar, Animal Nutrition Section, Indian Veterinary 
Researcli Institute, Izatnagar, Uttar Pradesh 

(Eeceived for publication on 7 June 1950) 

(With one text figure) 

P hillips [I 950] pointed out that livestock improvementwork is fundamental 
to the improvement of agriculture in any country, both to ensure proper 
balance in the diets of the people and to ensure adequate humus for the soil. In order 
to obtain animals 'which will give optimum returns of milk, eggs, meat and wool 
or work undin.* different climatic conditions, it is necessary to concentrate not only 
on the inheritance of high rates of production but also the ability to maintain these 
high rates under conditions prevailing in different areas, Ehoad [1941], Brody 
[1946, 1948], Phillips [1948, 1960], Lee [1949] and Mullick [1960] have also stressed 
the importance of climatic factors for the improvement of livestock. Lee and 
Phillips [1949] further emphasised that among such conditions which tend to limit 
the development of innate potentialities, the most important are high temperature, 
parasitic infection, nutritional deficiencies or irregularities and limited facilities 
for management. 

Although considerable work has been done on the genetical and nutritional 
aspects of this problem, the studies on the seasonal variation and physiological 
xeaction have been few and uncorrelated. 

A systematic investigation was, therefore, started to study the health and 
general condition of animals as affected by environmental conditions, air tem- 
perature and moisture and to find out a sui-table physiological index for heat tolerance 
which would be of help in distributing animals in different regions of the Indian 
Union according to environmental conditions. 

Experimental 

Six adult steers were selected for these studies. The animals were fed the 
same maintenance ration for the whole period of observation. Pulse rate was 
counted from the coccygeal artery and respiration rate from the flank movements. 
The animals were fed after recording body weight and rectal temperature. Drjrwet 
bulbs and maximum-minimum thermometer readings were obtained from the 
standard tbermometexs between 2 to 3 p.m. on three consecutive days in each month. 
Blood heemoglobin was estimated by the acid hematin method of Newcomer [1922], 
by. ear vein puncture. 
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Table I 

Observation on pulse rate^ tespiraiion rate^ body temperature, body weight a^id haemoglobin of the steers 
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Table III 

Partial correlations of different physiological reactions 


V ariables 

RH held constant 

Variables 

AT held constant 

ATXP 

0'312 

RHxP 

— 0-494* 

XR 

0*934* 

xR 

—0-681* 

XBT 

0-500* 

xBT 

—0-238 

X BW 

—0*350* 

XBW 

' —0-322 . , 

XHb 

—0*724* 

xHb 

—0*268 


* Signifioaut at 5 per ceat level. AT — air temperature, RH — relative liumidity, P— Pul«e, 
R — roapiration, BT — body temperature, BW — body weight, Hb — -hseinoglobin 

Table IV 


Multiple regression equations 


Estimated valuas i 

Equations 

FuIbo rate 

0-321T— 0*117H4-32‘3l 

Respiration rate 

0-750T—0-096H— 35*57 

Body temparature °P 

0-021T— 0*005H+99*57 

Body weight lbs. 

—0-121T—0-226H +402*00 

Haemoglobin, gm. 

—0-022T—0-009H+ 12*26 


T— air temperature, in F. H — relative humidity in per cent 


Results 

The results are given, in Table I. The statistical analysis, analysis of variance, 
partial correlation coefficients and multiple regression equations, [Snedecor, 1946] 
are shown in Tables II, III and IV. 

■ Climate. It was observed from Table I that the maximum and minimum 
mean temperatures were 99°F. and 66° F. The highest temperature in June was 
generally accompanied by the lowest humidity value. At this time doo’ 
(dry hot wind), blows with great velocity and wide variations are observed in 
the daily maximum and minimum temperatures (106 and 85). The highest relative' 
humidity was, 85 per cent in August and lowest was 23 per cent in June, with an 
average of 64 per cent. There was a sudden increase in the humidity from 23 per 
cent in June to 81 per cent in July after the outbreak of monsoon. - • • 
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Puhe, The same table shows that the maximum and niinitiuun ])ulse Tat<'s 
were 59 in June and 45 in July, with an annual average of 52 Ixiats pta- minute. 
With the onset of the rainy season, the pulse rate declined by 1.5 and it took sunn; 
time for the animals to get used to the change in weather when tlu^ pulse, rat e gi’adual !y 
retumed to normal. The variations in the rate betwe(‘n months end .'uumals Vvore, 
highly significant according to analysis of variance (Table 11). Using ])a.i‘t4ut 
correlation coefficient whereby, the effect of one variable could be hekl iionstant, 
the correlation between air temperature and pulse rate beoanu} not significant 
whereas when the air temperature was held constant, the relationship bctw<‘en 
relative humidity and pulse rate was highly significant with a reverse order 
(Table III). 

A comparison of the multiple regre ssion co-efficient in the regression equation 
for the pulse rate in Table IV, appears to suggest that one degree risf‘ in air Uun- 
perature is about three times as important as one per c<nii decrease in ndative luimi- 
dity so fixr as their influence on pulse rate is concerned. 

Eespiration 

Table I shows tliat the maximum and minim um respiration ralt^s we.iv 115 
in June and 10 in February, wdth an average of 19*0 per minute, W'itli ilio oustd- 
of the monsoon there was a decline in rate from 35 to 10 })er minute and it nunained 
practically the same tlnoughout this period. The analysis of variatiee Hhnwe<] 
that the changes due to months and between the animals were highly signilicant. 

The partial correlation coefficient showed that both the valiu's <iue to air t<un- 
perature and relative humidity were highly significant and the latter had an opjiosite 
effect on the respiration rate. 

An examination of the regression coefficient shows that; every d{igi-ee increase: 
in air temperature wuis responsible for 8 times as much inertaise in the ratt; of 
spiration as was caused by one per cent increase in relative liumidity. 

Body temperaiure 

The maximum and minimum body temperatures were lOJ-fl'’ F. in May and 
100‘3° F. in February with an average of 101*0° F. 

There was no variation between the months but within the animals the cliunges 
were significant by the above method. 

The value between air and body temperature was significant when humidity 
was held constant but when air temperature ■was kept constant it was not significant 
though it had an opposite effect (Table 11). 

Table III ihows that each degree rise in air temperature? is about four tinuts 
as efficient as one per cent decrease in relative humidity in the change in body term- 
peratuie. Humidity seems to lower the body temperature. 

Body weight 

The maximum and minimum body weights (Table I) were 402 in April and 359 
in July with an average of 380 po'unds. There were significant variations both 
between the months and the animals. 
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The correlation coefficients showed that a significant relation exists between 
the atmosjDheric temperature and live weight. The same was true in the multiple 
regression equation (Table IV) where humidity was the dominant factor for reducing 
the body weight. 

Haemoglobin 

The maximum and minimum values were 12-0 in February and 84 i n August 
with an average of 10*0 gm, haemoglobin per 100 ml. of blood (Table I). 

The variations due to months and animals were highly significant. 

The correlation between air temperature and hsemoglobin was highly significant 
and both the temperature and the moisture exercised an influence in lowering the 
values. The same was true also in multiple regression equation but the air tern- 
perature had more influence than moisture. 

Discussion 

The above results indicate that air temperature appears to be a major factor 
for influencing variations in pulse rate, respiration rate, body temperature, body 
weight and haemoglobin content in animals (Tables III and IV). From Table I, 
it appears that relative humidity below 80 per cent plays a minor role in influencing 
variations in the physiological reactions. These observations are in agreement 
with those of Ehoad [1936], Began and Graalaas [1946], Seath and Miller [1946], 
Eiohardson [1938], and Eeik and Lee [1948]. An examination of Fig. 1 
reveals that changes in the air temperature and relative humidity were 
closely related to variations in the constituents recorded. The trends indicate that 
a clear correlation exists between air temperature and the physiological reactions. 
Pulse rate and body temperature changes show that only a small relationship existed 
with air temperature. 

It is noted that the most variable physiological reaction with the change in 
the air temperature is the respiration rate. In comparatively less sweating animals, 
like cattle, one of the physical mechanisms is to compensate for their inability 
to sweat by the acceleration of the respiration rate. Thus this rate is first 
affected due to the changes in the environmental conditions long before the changes 
in other physiological mechanisms occur. The present investigation has shown 
that the change in the respiratory rate reflects even the minute changes in the air 
temperature. It appears, therefore, that respiration rate is the most sensitive 
index of the animal’s feeling of discomfort. 

In an attempt to express the rather complex physiological value in a single 
figure, Ehoad [1944] has devised a formula for calculating heat tolerance in cattle. 
This formula better known as Tberia formula’ has been widely used for assaying 
the heat tolerance of animals in other countries. After critical examination, it is 
found that there are some limitations in applying it to the animals in the tropics. 
The atmospheric temperature in the shed (85-96° F. or higher) may have to be 
worked out in the tropics according to the adaptability of the animals under existing 
conditions. This can be seen by comparing the results of the studies undertaken 
by Beath and Miller [1947] and the present authors, as both have been made under 
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approximately identical conditions of air temperature and humidity. The con- 
f; stituent.s recorded, however, differed considerably and these differences could be 

ex])l aim'd l)y differences in the adaptability of the animals used in the two countries, 
t It may be mentioned that according to Iberia formula it is presumed that the 

rectal t(un])erafcure is 101*0 F. According to our experience the rectal temperature 
of different breeds of cattle as also the different species of animals differs. This < 

variation is likely to give variable results in calculating the heat tolerance index 
of the animals. It may be added that when the rectal temperature of animals ; 

lias passed the upper critical temperature, the physiological mechanism appeared 
to have lost its capacity for maintaining it within the normal range of variation ; [ 

thus resulting in increased temperature. ^ ^ ^ ^ ^ ^ ^ ^ I 

We have found that the change in respiration rate under different climatic 
jk conditions is an advantage if considered side by side with the Iberia formula for 

assessing heat tolerance test in cattle. The following procedure is adopted : 1 

The pulse and respiration rates and body temperature are recorded in animals i 

under dilferent atmospheric conditions in the experimental stall. The animals 
which show the least variations in the maximum and minimum respiration rates i 

under different climatic conditions may be considered as the best group to withstand ’ I 

the clima.tic stress of the place. Similar studies, at present under investigation^ i 

on different breeds of cattle and of different species of animals show that the re- 
spiration rate ivS most susceptible to variations in air temperature and moisture. 

I The details of this procedure in its application to cattle and buffaloes will be 

published in a separate article. 

The ffucstiiations in the body weight of the animals may be directly related 
to the diff'erence in the intake of feed under different environmental conditions. 

Eecently, Ragsdale, Brody, Thomson aixd Worstell [1948] showed that ‘physiological 

wisdom dictates the reduction of feed consumption with increasing temperature- l 

so as to reduce the heat production associated with feeding, which the animal cannot 

dissipate, and tins is wiiat happens’. Brobeck [1948] stated ‘food intake appears 

to be controlled as if it were a mechanism of temperature regulation’. 

^ The figures in Table I show that the hsemoglobin is minimhm during the mon- l 

soon months. Present observations suggest that Indian cattle have greater ability I 

. to sweat than European animals and so can dissipate body heat by evaporative i 

cooling through the skin hy decreasing the formed elements in blood during the 
moist season. Kelley [1932] found that ohe-half zebu and one-fourth zebu cattle 
had 9*33 and 5*25 8Wfeat''gland8 in the same area of the skin. 

Summary 

In this article, which is the first of this series on climate and animal health, 
ol)servatious on pulse rate, respiration rate, body temperature, body weight and 
hajmoglobin were made at monthly intervals on six Kiimaimi steers. Records 
of mean temperature and relative humidity were also maintained. 

Changes in the air temperature appeared to be the major cause for affecting- ; 

variations in these physiological reactions of animals. Higher values for pulse ^ 

rate, respiration rate and body temperature and lower values for body weight and s 
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hs&inoglobin •were recorded with, rise in air temperature. Change in the respirat;i<,>ii 
rate was most conspicuous. 

It appeared that a relative humidity above 80 per cent had sonic influence 
in causing the variations of the reactions. 

Analysis of variance, partial correlation coefficient and multip]<i .regression 
equations were used for statistical analysis of the data. 

It appears that the respiration rate is one of the indices for assaying heaf; toler- 
ance of animals. 
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ABSTRACTS 


Immmity in cattle vaeeinatea witii Bmeella abortm strain 19 by tbe 
siibeutaneoas an! intraoMaal routes dating cattbosl. Buddle, M. B, ( 1948 ). 
AmL Vet. J. 24, 262-271 

I N tlxis papi'.r a Gomuarisoa lias beau made of tbs iinniiimty of groups of beifers 
vaccinated during calfhood with Brmella abortus strain 19 vaccine by subcuta- 
neous and intracaiidal routes. Tbe two vaccinated groups together with an. 
untreated, control group were exposed to a single ineSective dose of virulent BruedU^ 
abortus organisms through conjunctiva during their first pregnancy. 

'’file intraiiaudal route had been shown, previously, to be more efficient for 
agglutinin production, than cither the subcutaneous or iiitradermal routes, using a 
h'sscr dose, 'if ho other advantages claimed are that the inoculation into the tip 
of the tail })res(mt.s little technical difficulties, and there is freedom from severe and 
pt^rsislHfuit lo('.al reactions. Also there is economy in the use of the vaccine. 

The ])r<iseiit. studies in this paper were undertaken— •(!) to obtain further evi- 
dent, on the claim tliat. the intracaudal route is superior to subcutaneous route in 
inducing spr()l(.)gical r<5sponses ; (2) to determine if some correlation could be estab- 
lished between serological response after vaccination and immunity to infection and 
abortion ; and (2) to dot/cumine if the intracaudal vaccination of heifer calves, during 
calfhood with 1 c.c.. of strain 19 vaccine did induce a higher degree of resistance to 
infection as compared with the subcutaneous method of vaccination. 

A preliminary experiment, in this paper, demonstrates a highly significant * 
superiority of the intracaudal route over the subcutaneous route, in inducing sero- 
logical responses of unrnated yearling heifers. 

No correlation could be established between the serum agglutinin titres of the 
vaccinated animals, two weeks after inoculation, with the length of the gestatio.n 
period, thus suggesting that agglutinin response cannot always be accepted as a, 
measure of immunity. 

Also, no significant difference could be demonstrated in the infection or abortion 
rates, percentages of live calves or mean lengths of gestation periods. This might 
suggest that the intracaudal method of vaccination of heifer calves is as efficient 
as subcutaneous method. 

The author concludes by saying that under conditions of this experiment— 
Intracaudal calfliood vaccination of heifer with cotton strain 19 failed to demons- 
a higher degree of resistance to infection or abortion than that shown by a 
similar group of animals immunized by the subcutaneous method, when exposed to 
infection during their first pregnancy. [M. S. J.] 
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ABSTBACTS 


file feeding of gammexane and D. B. f. to lio?liies. 

WttLiAM, S. Gr. (1938). Bull. Entomol. lies. 39, 

A SERIES of experiments with, oral feeding of Gara,mexaae I). 929 showed that 
dose of 0*5 gin./kgm. on two successive days proved rapidly toxic to bovines. 
The main toxic symptom exhibited by the animal were, hypersensitivity of the skiu 
muscular tremors, general paralysis followed by death. A dose of 0-25 gm./kgm. 
on two successive days followed by 0*126 gm./kgm. on 3rd and 4th days was well 
tolerated and killed feeding Glossim palpalis and ticks. This dosage protected the 
calves against re-infestation of ticks for 41 days. 

Two calves given four weekly doses of 0*25 gm./kgm. and 0*125 gm./kgm. were 
protected against re-infestation of ticks for a period of 20 days and 12 days 
respectively where as weekly doses of 0*1 gm./kgm. have failed to produce any ticki- 
cidal eifect. 

AD B T powder (containing 83 per cent of the para-para Isomer), when fed to 
calves in doses of 0*5 gm./kgm. and 0*25 gm./kgm. respectively foiled to kill foediiig 
Glossina palpalis. [B. N’.j 

Beneficial effect and economic importance of using all colostrum produced in 
calf raising. Kaeser, H. B. and Sutton, T. S. (1948). J, Dairy Sci. 31, 523-532 

T he authors’ investigations were to determine the effects of intermittent e.fdos- 
trum feeding for the duration of milk feeding period of si.v months. The term 
Colostrum is used .for the first three days secretion immediately following parturi - 
tion. The high nutritive value of colostrum for the nevv-!)orn <,!ii,!f is well kno\vji. 
The vitamin A content of colostrum is many times that of normal milk. It is also 
high in riboflavin which is also es.seutial for the calf. Yet with alt tluisc (jualiticiS 
and knowledge the surplus colo.strum is not used for (uilf ra,ising in many dairies. 

Seventy-six calves born in the Ohio State University dairy herd during ()u<.i year 
period from five different major breeds were list'd for obstu’vations. The e.alvtis of 
either sex were divided into two comparable groups -~3G iu group 1 and JO in group 
II. 22 of the 36 in. grou].> 1 remained for the full term of 21 weeks au<i 20 out of the 
40 in group 11. Calves were weiglied at birth, 3rd (.lay and later we(;kly during ( he 
experimental period. They were bled for Vitamin A and carottnu' analysis ai. tim 
time of weighing during the first four weeks and onee a moutli la.t<n,“. 

All the t.'alves reccivi'd colostrum for the first 3 days from t.heir dams by nip[ile- 
pail feeding. Later tiu' controls {grou|) 1 1) W'n.s fed wlioh^ H(4st('iu milk at. 10 per cent 
of their body weight for the first 3 mouth.s, 8 p(U lamt during tiie foiu'tl), montli., 
6 per cent during the fifth mouth and 4 per emit during the sixth month. Tljij 
cx])erimcnta] calves (grou]) 1) received tlm same quantity hut the ILiUlciti milk' was 
replaced part or all wdien colostrum, was available. All calve.s i‘cc.(av(*d a e(uit‘('ut!'a.i.c 
mixture, mixed hay of a,verage quality aui.l water ad lihUnm- up t.o months of agi^ and 
later the couceiihrate was increased and fed twi<.‘,e daily a.ud at'- 0 month, s tiufy were 
getting 4 lb. daily. 

Calves in group I i.e. colostruiu led inaintained high blood plasma l(U'(‘Is for 
vitaniiii A and carotene, increased iu weight more rapidly and laid a bid/t('.r iicalth y 
appearance especially during the first two months. Ntt dig<!stiv(.i disturbanwxs ■wc.r<.'. 
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{s,'>ti(;e(l (lirc.r.fcly due bo extra oolosbruui feeding. The amount of colostrum received 
by each calf, tJu! blood plasma vitamin A and carotene level and the gain in body 
weiglit ar(^ all tabulated, lb was found that calves receiving more than 200 lb. of 
coh»struni maintained higlmr levels of vitamin A in the blood plasma and made 
gre.ater ciuTiulativ<‘, weight gains than those received less than 200 lb. During this 
oxi)eriment over 4000 lb. of surplus colostrum was used in feeding the calves in group 
f and thus same quantity of marketable milk was saved. It is estimated that even 
if half the surplus colostrum from the 26 million dairy cows in the U.S.A. is utilized 
in calf raising it will save 650 million lb. of marketable milk. The surplus colostrum 
can also be frozen and stored wherever it is possible and used when required. Thus 
the economic importance of using all colostrum in raising calves has been fully 
demonstrated by these experiments. [M.K.S.] 

Breeding chickens for resistance to caecal coecidiosis. Palafox, A. L., 
Alicata, ,T. B. and Kaxtman, L. (1949). World’s Poult. 8ci. J. 5, 2, 84-87 

T he authors started breeding work with the foundation stocks comprising 
White Leghorn hens having the highest rate of survival in progeny against 
caecal Coecidiosis and a susceptible line of the same breed having the lowest rate of 
survival of progeny. In breeding of these two lines revealed that the dams selected 
for high resistance to Caecal Coecidiosis transmitted high resistance to their 
progeny. Similarly clams selected for low resistance transmitted only low resis- 
tance to thcjir progeny. Resistance or susceptibility in the P^ progeny was tested 
<jxpcrimentally at four weeks of age by inoculating with approximately 120, 009 
sporiilated oocysts of Eimerla teneUa. However, in the resistant line the individual 
variation of the degree of resistance in the progeny of resistant dams mated to 
the same sire was considerable indeed. 

In another attempt reciprocal matings between the resistant and susceptible 
lines showed that neither line was homozygous for the character. Piirther selection 
auiongst resitant birds was therefore indicated to obtain homozygosity. 

In the Pg progeny of the resistant line increased resistance was demonstrated 
wlnueas in the unseleoted control lot it was intermediate between the resistant and 
susceptible lines. It is suggested, therefore, that resitanoe to Caecal Coecidiosis is 
dependent, at least in part, on inherited multiple factors. 

Coecidiosis amongst rearing stock in specialised farms in India is all too common. 
From the foregoing results it seems breeding chickens for natural resistance to Oocoi- 
diosis is a profitable line of approach to the problem of solving poultry mortality. 
[S.G.I.] 

The Galactopoietie effect of lodinated Casein : Dose Response Relationships during 
Prolonged Treatment. Leech, 'F. B. (1950). J. M-ndocrimlogy, 7, 42-53 

F IFTYNINE (jows were fed daily with iodinated casein in, different dosage 
levels of 15, 20, 25 g. for 28 weeks from 3 months after calving except 
iu cows wdiieh become dry before time. The increase in milk yield lasted for a 
|)<>riod of 8 weelcs aft(,‘,r which the response to the two lower doses quickly disappeared. 
The response of the, group receiving 26 g. of iodinated casein was maintained at a 
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reduced level throughout. The treatment did not effect the proportions of but.te.r 
fat and non-fatty solids in the milk. There was some effect on the. lauirt rate but in 
general the cows showred no other symptoms indicative of Hyper (hyroid'tsw. Loss in 
body weight w^as directly proportional to the dose administen'd. Idiis loss in weight' 
gradually disappeared. There was no significant effect on the health of tlx', aninuils 
or on their roproductivo activity. Long continued use of thy]‘oa(itiv<‘. iiia,torial.“^ 
is not recommended. The probable role of thyroxine in augmenting tlu'. mills yidd 
has been discussed. [S. K. De.] 

Comparative Nutrition of Farm Animals. H. B. Guilbert and J. K. Lookli (lObI) 
Anirn,. Sei, 10 , 22-41 

T he present report on the comparative nutrition of farm animals was under- 
taken by the authors in view of the discrepancies, pointed <jnt by Maynanf 
in the feeding standards for livestock recommended by the Committee, on the, Animal 
Nutrition of the National Research Council, in 1942. 

The relevant literature, and the concepts contriljuting t(» the j)i’oe,edur<‘ adopted 
by the authors, have been reviewed. The concept of physiologically etjuivaleni 
age has been used to compare the recommended nutritional re<juirements of differenl' 
species of animals that fit with the physiologically equivahuit ag(^ r.urvc. 

The total feed capacities of the different species are in giuuu’al, prrqjoitional 
to the fractional power of bodyweight as the maintenance re<{uir<un(mt and th<^ 
basal heat production. There is no fundamental differeiirx*. in the (dlidency of f<*ed 
utilization for gro'wth, that depends on body size as siicih. Tlun’*?, n,r(‘. no differencu^s 
in the recommended dietary allowances for protein, cahauiii, phospiiorus for differtuii' 
species but tbe ratio of these nutrients to energy intake c.hanges with, advancing age. 
The recommended requirements for thiamine, riboflavin, niacin, and pairitotheiuc^ 
acid, indicated a constant direct relation with intake cl’ (iiiergy iri‘espe(4.ive of thev 
different stages of development, and is consistent with their Amc.fion in enzyme 
systems associated directly or indirectly with the metabolic- rate. It is a.lso pointed 
out that the vitamin requirements of vitamin A and carotene are dir<a;tly projmr- 
tional to the bodyweight in mammals. This applies to poultiy, a,s w<d], but the 
requirement is somewhat higher than mammals. The existing kno\\'l(Hlg<} abtuit. 
the nutritional requirements of vitamin D, would point out to a huL of any relat ion 
either with the body weight or feed consumption. 

The generalized recommended nutritional requirements for farm animals, as a 
per cent of the total digestible nutrients in relation to per cent mature weight, is 
presented, which with the existing knowledge or the results of future research is 
capable of being translated into suitable feeding standards for practical use. 

The authors suggested an investigation into the feasibility ol' c^x j.>r<\ssing the 
relationship of the various nutrients with the metabolizable', energy ratlua* than witb 
the total digestible nutrients in order to bring the data for .niminants and non- 
ruminants into closer accord. The field of comparative nutrition i.s fertile and there 
is ample scope for studying the similarities, which are more likely tio ])e more pro- 
nounced, than differences, that exist among the different sweies of furiu animals, 
[¥.N.M.] ' 
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SEASONAL VARIATIONS IN SEMEN QUALITY, AND 
HAEMOGLOBIN AND CELL VOLUME CONTENTS OF 
THE BLOOD IN BULLS 

By D. P. Mukherjee and P. BhattacharyAj Animal ljenetios Section, Indian 
Veterinary Research Institute, Izatnagar 

(Received for publication on 10 July X 961) 

(With Plates ly—V) 

I N farm animals spermatogenetic activity goes on continnoiisly in the male 
after the attainment of puberty and they are capable, of mating throughout 
the year. In recent years, however, many investigators have shown that the 
quality and quantity of semen in certain species of farm animals vary during different 
seasons of the year. Most of these studies have been carried out in Western 
Countries. In India, Shukla and Bhataoharya [1947] have shown seasonal varia- 
tions in thj semen quality of indigenous sheep and goats. 

Ill bulls Weathorby et at [1940] found slight monthly variations in volume? 
sperm concentration and longevity of spermatozoa in bull semen, Anderson [1941] 
reported seasonal, variation in volume and motility of spermatozoa only. Erb 
el al. [1942] reported highly significant difference between seasons in all the factors 
of bull semen studied, except Phillips and hi.s co-workers [1943, observed 
significant or highly significant variations in all the characteristics of semen except 
in volume and motility of spermatozoa. Lasley and Bogart [1943] reported that 
'beef type Imlls produce semen of high quality between May to September. Swan- 
son and Herman [1944] found seasonal variation in initial motility, viability 
and abnormality of spermatozoa. Salisbury [1944] observed seasonal trend in 
motility and sperm concentration. Anderson [1945,6] and Mercier and Salisbury 
[1946] carried out systematic studies on the effect of season on semen attributes 
" Anderson observed highly significant monthly differences in sperm concentration, 
motility and _pH of semen. The latter authors obtained highly significant month 
to month variations in sperm motility, concentration abnormal sperms, methylene 
blue reduction time and fertilising capacity of semen and significaiit variation in 
volume but not in total number of spermatoza and motility. 

A fact which clearly emerges out of this review is the lack of uniformity in the 
results obtained by the various authors. This may be due particularly to the 
different climatic conditions under which the experiments were carried out. 
Difference in breeds, age, management and nutrition might also he contributory 
factors. The quality and quantity of semen are dependent on all the factors enu- 
merated above. It is, therefore, important that in a study relating to seasonal 
effect on semen, the various factors which may have any influence on the 
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characteristics of semen should be uniform and controlled. Unless sexually mature 
aniwials of the same age and breed are taken for experimentation and ar(‘ kept under 
uniform maiiagerial and dietary regime duiing the entire experimental period, 
seasonal influence, if any, on the various characteristics of semen may be masked, 
minimised or exaggerated. 

Indian bulls (Bos indicus) belong entirely to a different species from the experi- 
mental animals of the previous workers. Glimatic conditions in this caimtry also 
are. greatly different from those in places where the experiments were conducted. 
For these reasons and in view of the contradictory results obtained by the various 
workers it was considered worth while to study the trend of seasonal influence on 
semen characteristics of Indian bulls. 

Seasonal variations in the composition of blood of Indian dairy cattle have 
been observed by Pal et al. [1945]. Attempts have, therefore, been made in this 
study to determine the relationsliip, if any, of the seasonal clianges in the blood 
with the variations in the semen characteiistics. 

Material and methods 

The experimental animals comprised of six Kumaimi lull bulls. All the bulls 
were of four years of age excepting one (No. 187) which was seven years old at the 
eomniencenient of the experiment. During the entire experimental period ihe 
bulls were kej)t und.'ir uniform managerial and dietary regime. The ratiixu suj)piied 
to each bull consisted of a concentrate mixture containing cruslied gram .‘Jll parts, 
crushed barley 50 parts, wheat bran 20 parts and common salt 1 oz. • Cone ’Utrate 
mixture was fed according to body- weight. The q^uantity given per day to t-he 
bulls was as follows : 


Bull number 

Average body weight 

Concentrate given 

200 

SOOlb. 

4 ]b. 

187 and 240 

460 lb. 

3 lb. 

104,195 and 248 

■ . i 

400 lb. 

2 lb. 


1 



In addition to the above conoontratc each animal received 10«lb, of roughage an<i 
was allowed free grazing for six hours a day. 


The bulls selected were in good health having gocal sex d<^siro and sex ability. 
During ilte pre-exporimental period they were trained to moimt an ancaistrous hill 
cow confined in a service crate and to ejaculate semen in the artificial vagina. 

In order to estimate the m4 | iA j ariations in semen quality and cpia-utity of 
individual bulks, fortnightly o.f two successive eiftr.n1n.trtM n.t ri n 
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characteristics of semen should be uniform and controUed. Unless sexually mature 
animals of the same age and breed are taken for experimentation and an* kept under 
imiform managerial and dietary regime during the entire experimental peritxi, 
seasonal influence, if any, on the various characteristics of seme, n may be ma,ske-(l, 
minimised or exaggerated. 

Indian bulls {Bos indicus) belong entirely to a different species from tJio experi- 
mental animals of the previous workers. Olimatic conditions in this country also 
are greatly different from those in places where the experiments were, conducted. 
For tliese reasons and in view of the contradictory results obtained by the various 
workers it was considered worth while to study the trend, of seasonal influence on 
semen characteristics of Indian bulls. 

Seasonal variations in the composition of blood of Indian dairy cattle have 
been observed by .Pal et al. [1945], Attempts have, therefore, been .ma,do in this 
study to deterjnine the relationship, if any, of the seasnual changes in the bhu.xl 
with the variations in the semen characteristics. 

Material and methods 

The experimental animals comprised of six Kuinauni hill bulls. All fJia bulls 
were of four years of age excepting one (Ko. 187) which was seven years old at the 
coinmoncernent of the experiment. During the entire experinuuital ptuiod the 
bulls were kej)t under uniform managorial and dietary regime, 'fhe ration sii])pUed 
to each bull consivsted of a concentrate mixture containing cruslied gram 3o parts, 
crushed barley 50 parts, wheat bran 20 parts and comniDH salt 1 oz. Couemt.-rate 
mixture was fed according to body-weight. The. duantity given per dav to the 
bulls was as follows : 


Bull number 

Average body weight 

Concentrate given 

200 

i ' ■ 

500 lb. 

4 Ib. 

187 and 240 

460 lb. 

Ji lb. 

194,10r) and 248 

400 lb. 

2 Ib. 


In addition to the above concentrate each animal iHXioivcd 10-lb. of r(.)Ughuge and 
was allowed free grazing for six hours a day. ” 


The bulls selected were in good health having good sex do, sire and se.x ability. 
During tho pre-experinicntal period they were t.rained to mount an anoestr<ms hill 
cow confliied in a service crate a.ud to ejaculate semen in tho artifleiai vagina. 

In order to estimate the monthly variations in semen quality and (|ua.utity of 
individual bulls, fortnightly collections of two micoessive (qaculatos at an interval 
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of 10 to 16 minutes were made from each, bull. Each sample of semen was examined 
for the following characteristics : — 

(1) Colour and consistency. 

(2) Yolume. 

(3) Initial motility of spermatozoa. 

(4) Initial of semen. 

(6) Sperm concentration per c.c. of semen. 

(6) Total number of spermatozoa per ejaculate. 

(7) Percentage of abnormal spermatozoa. 

^ Observations of each sample for its colour and con:;i..te icy, volume, pH and 
initial motility were made immediately after collection. Colour and consithmcj 
were determined by the visual appearance of the semen ; voiume was measured to 
the nearest 1/100 of c.c. ; the degree of motility was .scored in te-ms of criteria as 
recommended by Erb et al. [1948] ; pH was determined by me, ms of B. B. H. 
capilator and sperm concentration was dete mined by the u ual haemacy tometor 
method in terms of millions per c.c. 

To determine the percentage of abnormal spermatozoa the followin‘f method 
of fixation and staining was adopted. A thin film of diluted semen in normal saline 
was made on a slide. Spermatozoa in the film were then fixed in the vapour of 
two per cent, osmic acid solution for about 15 minutes. Care was taken to expose 
spermatozoa in the film to osmic vapour within 5 to 10 minutes after collection of 
the semen sample. The film was then allowed to dry in the room temperature 
and was later stained with 0*2 per cent, aqua solution of methyl violet for 20 to 25 
minutes, washed in tap water and dried. One hundred spermatozoa were examined 
at random under oil immersion lens and the number of various types of abnormal 
spermatozoa were noted. 

Besides the above mentioned semen characteristics, the ‘reaction-time^ of 
the animals at the time of collection of semen was also noted. The ‘ reaction- 
time ’ which expresses the degree of sex vigour was determined by the time interval 
between the release of the bull near the cow and the actual moment of ejaculation 


A blood sample was also drawn once every fortnight from the jugular vein of 
each bull tor determining the haemoglobin and ceil volume contents. The sample 
of blood was drawn on the day following the collection of semen. Haemog’obin 
percentage was determned by Comer’s method [1923] and cell volume by the 
method of Napier and Das Gupta [1941]. ^ 
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Table I 

Mmitlily averages of ' reactim4ime\ semen and blood ckimderistm of fJie hulls and Uie melaorohgiml du.la 



HH5-46 




J 

1- 

M 

A 

M 

J 

J 

A 

S 

0 

N 

B 

J 

If 


Roaction-timc (in Rcconds) 

91-46 

40*63 

65-63 

69*12 

69*73 

117*o0 

48*58 

81*71 

97-0 

,52*29 

141*75 

95-83 

62*9() 

82-13 


Appeavanco of somcn 

M 

M 

m; 

M 

Th. M 

Th.M 

TIuM 

Th. M 

Th. M 

M. 

M 

M 

M . 

M 


Initial motility of spermatozoa 

4.-19 

3*85 

3*63 

3*60 

3*54 

3*08 

3-18 


3-75 

3*(i9 

3-75 

3-93 

3*23 

3-:5S 


Voluino of aointai (in c.o.) 

2-1)0 

3*63 

2-22 

r 2*03 

2*17 

2*40 

2*44 

4 2*33 

2-00 

1 *93 

1-91 

1-87 

2-27 

2-03 


pH of senion 

()‘18 

(5*10 

6-32 

6*3 

6*21 

6*24 

(5*32 

6*11 

6-12 

6* 19 

(5-24 

(5-23 

(5-5! 

(5*52 


Sperm coneontration (in millions 
per c.c). of Lsoinori) 

1)98-64 

626*0 

788-33 

668*33 

691*66 

532*39 

564*79 

01 1*71) 

5(51-87 

()0i)’()H 

(580*88 

(57(5-88 

720-0 

698- J 3 


Total mimber of Bpermatoaoa (in 
millions) 

1,318-67 

1,549*01 

1,772-00 

1,417*39 

1,338*63 

1,467*31 

1, -(93*77 

1,275*6.8 

1,178-99 

1,1 (55*85 

1,29(5*33 

1,309- 17 

1,713*84 

1,482-89 


Percontago of abnormal sperma- 
tozoa ^ 

4- 63 

6*88 

5*71 

6*13 

2*63 

3*71 

2*58 

4-38 

4*79 

8*03 

5*33 

J 5*63 

9*25 

7*00 


Haomoglobiu (gm. per 100 c.o. of 
blood) 

8*79 

8*91 

8*82 

8*89 

8*77 

8*29 

7*S9 

7*82 

?'37 

7*63 

7*88 

■ .8*12 

8*90 

8*85 


Porcantago of cell volume 

46*66 

46*48 

43*49 

42*92 

43*27 

40*04 

38*14 

32*99 

3ri-.52 

3(i*9(i 

37*5(i 

42-01 

46*33 

43*99 


Air temperature {°F.) 

60*9 

67*1 

73*3 

84*8 

88*6 

89*5 

83*7 

84*9 

82*7 

77*1 

(58-(5 

59-1 

58*!) 

(54*2 


Percentage of humidity 

69 

61 

84 

42 

47 

61 

85 

79 

83 

68 

(5(5 

67 

71 

(5:5 


Hainfall (in inches) 

0 1 

0 

0*01 

0*68 

1*72 

4*69 

23*21 

' 8*59 

13*91 

5*()3 

0 

i 

0 

1*32 

0*75 



M=Millsy M==^-Tiim milky 
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d'H.iiwi iJie (‘ntire experimental period, 


1946-47 


I 

A 

M 

J 

J 

A 

S 

0 

N 

D 


112-33 

36-17 

30-0 

76-46 

103-28 

54-67 

61-53 

78-21 

91-88 

M 

M 

M ' 

AI 

M 

Tli.M 

Th.M 

Tli.M 

M 

M 

3‘3B 

3-3S 

3-42 

3-13 

3-10 

3-66 

3-29 

3-40 

3-54 

3-27 

2-24 ; 

.2-20' 

2-00 

2-02 

2-31 

2-82 

2-33 

2-30 

2*49 

2-14 


6-20 

6-26 

6-33 

6-37 

6-33 

6-34 

6-34 

6-33 

6-48 

Wj-7!) 

720-42 

606-63 

670-83 

636-00 

569-58 

500-42 

456-46 

711-04 

676*42 


1,400-26 

1,272-13 

1,195-84 

j l,42b-36 

1,834-62 

1,180-97 

1,069-31 

1 

1,721-14 

1,380-99 


0-70 

6-33 

5-04 

I 3-25 

6-63 

3-96 

6-75 

6-76 

6-33 

m. 

9-34 

9*59 

8-70 

8-26 

7-90 

7-42 

8-18 

8-24 

S-07 

41-7(1 

44-95 

46-95 

42-67 

40-13 

38-14 

38-99 

40-73 

41-66 ■ 

41-03 


86-7 

92-7 

93-5 

85-6 

86-9 

85-4 

79-0 

68-9 

61-7 

4f» 

22 

31 

60 

81 

SO 

66 : 

72 

64 

62 


0-00 
. 1 

1-01 

6-26 

16-89 

6-11 

4-01 

6-17 

0-04 

0-21 
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Results 

Bata regai’ding the. average ‘ reaction-time semen and )3lood attributes of the 
bulls tog()tlier with the inoteoroicgical data of each month are presented in Tabic 1. 
Examination of the data reveals that there did not exist any relationship l)etweeu 
tlie ‘ reaction-time ’ and the quality of semen produced by th(5 bulls in each month. 
Average ‘ reaction-time ’ in 1945-46 was the shortest in February and longest in 
November. There was, however, no appreciable difference between these months 
in majority of the semen characteristics. In 1946-47 the ‘reaction-time’ was the 
lowest in June and highest in April, The over-all quality of semen during these 
two months of that year were diametrically opposite ; semen samples of April 
were decidedly superior to June samples. 

Colour of the semen samples produced by the bulls during the experimental 
period wore either yellow or milky white. Yellow samples were the characteristic 
•feature of the bull 187. They were thin in consistency and were of low sperm con- 
centration. The semen samp.les produced by the remaining five bulls were generally 
milky white in colour. The con.sistency was either very thin giving a cloudy appear- 
ance or like that of milk, or thick giving a milky creamy appearance. Creamy 
samples, of which there were a few, coniained very high concentration of sperma- 
tozoa. Milky saniples wei'e of higher sperm concentration than cloudy or yellow 
samples. 

In working out the average colour and consistency for the month as pre.sented 
in the table, the characteristics of the majority of the samples for the month were 
only considered. Fi.’om the table it is apparent that sperm concentration of thin 
milky samples ranged from 456*5 to 591-7 millions per c.c. and that of milky samples 
from 609*1 to 788-A There was no marked monthly variation in the initial motility 
of spermatozoa and the volume of semen. The latter, however, showed some de- 
crease from October to Beceiuber during the first year of the experiment. 

No marked monthly variation was noticed in pH. The average pH value of 
semen samples during the first year was lower than that of the second year. 

In 1945-46, sperm concentration and haematological constituents decreased 
from May to September and in 1946-47 from July to October, Meteorological 
data of these periods show high air temperature associated wifch high relative humi- 
dity and rainfall. 

Total number of spermatozoa was calculated by multiplying the total volume 
with the sperm concentration. Inspection of the data presented in the table shows 
that in this characteristic there existed variations from month to month. These 
variations were statistically analysed. The implication of the analysis has been 
discussed later on. In the first year, percentage of abnormal spermatozoa was 
minimum during May to July and maximum during October. In the second year 
it dropped down to minimum in March, July and September and maximum was 
reached during January. 

Average monthly variations in ‘ reaction-time in semen characteristics and 
in blood constituents are presented. in Plate IV, and that of air temperature, relative 
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kiimidity and rainfall in Plate V. From Plate IV it is appanuifc that the curve 
for ‘ reaction-time ’ is not uniform and does not show any definite seasonal aa.iu . 
Tnitial inotility curve shows a tendency to follow the curve fin: sperm eoncentratioiL 
The curve for volmne reached its peak in August 1946 and luinunum in Deceniher 
1945-46. The curve for pH shows an opposite trend to that of spcu'm concentra.- 
tion. The curves for sperm concentration, haemoglobin and cell vohnue j un paratUil 
to one another and show definite seasonal trends. From Plate V it is evuhnit t .ia , 
with the rise of air temperature, relative humidity and rainfall, there, was decre.ase 
in the sperm concentration and in the two blood constituents studied. Low air 
temperature associate ! with high humidity as found in the month of .De(,em itr 
of both the years had depressing effect on siierm concentration and blood consti- 
tuents. The curve for total number of spermatozoa does not uniformly resemble 
the curve representing sjicrm concentration. The curve for abnormal spermatozoa, 
has two peaks, one in October 1946 and the other in January 1947. 


Tabj;e II 


A'MTiUjG neMdU und blood cJiuruckn'isticn oj the hullfi wnd the 

‘meteorolo(fical conditions in different seasons 



Autumn 

(August 

to 

October) 

Winter 

(November 

to 

January) 

Spring 

(Eobruary 

to 

April) 

Summer 

(May 

to 

Jvdy) 

RoactiDiv time (in seconds) 


93-03 

07-23 

03-07 

Colour and consistency of semen 

Tb. M. 

M. 

M. 

M. 

Volume of semen (in c.c.) 

2.28 

i 2T2 

; 2-21 

■ 2-22 

Initial motility of spermatozoa 

348 

3-60 

3-.53 

3-29 

pH of semen 

(5-25 i 

0-32 

0*29 

0-28 

Sperm-coivceutration (in millions per c.c.) 

.'>34-80 

(193-90 

099-17 

010-20 

Total number of spermatozoa (in millions) 

] ,284-24 

1,457-86 

1,515-85 

1,305-85 

Percentage of abnormal spermatozoa 

5-52 

0-15 

5-58 

3-92 

Haemoglobin contents in blond (grams per 100 
c.c. of blood) 

7-72 

8-33 

8-93 

8-58 

Percentage cell volume 

37-22 

42-19 

43-70 

41-70 

Peretmtago of humidity 

74-5 

04-83 

44-5 

59-10 

Rainfall (in inches) 

7-14 

0-20 

0-40 

8-45 

Air temperature (0“E.) 

82-95 

62-95 

75-23 

BH-91 


Th. M.=Thin milky 





TcfiPEPJWRF HUMIdlTY RAINFALL 

V {WINCHES) 
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Platk V 



Montlily variations, in average air temperature, humidity and rainfall. 
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Tal)lo IT shows variations in average ' reaction-time \ semen and blood character- 
istics of the })u.lls and the meteorological conditions during the f(.)ar seasons. The 
figures given in the table are the averages for two consecutive expou’imeiital years. 
Perusal of the table reveals that there did not exist any correlation b<itween tlia 
‘reaction-time’ and the quality of semen in different seasons. * Reaction- time ’ 
was longest in winter and shortest in summer. Very little difference in volumes 
and of semen existed during the seasons. Sperm concentration, total number 
of spermatozoa, haemoglobin and cell volume contents of blood were lowest in 
autumn and highest in spring. Initial motility of spermatozoa was lowest in summer 
and highest in winter. Percentage of abnormal spermatozoa was conspicuously 
low in summer. Relatively, little difference was observed among the remaining 
three seasons. In winter and spring when the semen was rich in sperm concentra- 
tion, the samples had a milky appearance. In summer and autumn tlie ejaculates 
contained lesser number of vspermatozoa and their appearance varied from milky 
to thin milky. Relative humidity and rainfall were highest in autumn and lowest 
in s]>ring. Average air temperature in autumn was almost as high as in summer. 
Air temperature in spring was moderate. 

Staf/isticed analysis of the residts 

The data summarised in Table I and 11, and the average qinility of semen pro- 
duced by the iiidividual bulls during the entire experimental period have been 
subjected to analysis of variance to determine whether or not the variations as 
found in semen qualities, blood constituents and meteorological data were real or 
due to chance. The summary of the results of the statistical analysis has been 
presented in Table III. 

Table III 


Sunmiary of the analysis of variance of semen and blood characteristies of die bulls 
and meteorological data - 


Factors for analysis 

Source of variation 

■Between 

bulls 

Between 

years 

Between 

seasons 

Interaction 
between 
seasons 
and years 

Between 

months 

within 

seasons 

Eeaction-lime 






Volume of semen 

** 




o 

Initial motility of spermatozoa 

** 




0 

joll of semen 

** 




** 

Sperm-concentration 

** 


** 


O 

Total number of spermatozoa 




o 
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Table lll—conixL 



Sourco ()!' vuriaHnti 


Factors for analysis 

Between 

Bulls 

Between 

years 

Botwi'on 

seasons 

Interaction 
hctwecMi 
aeasoiiH 
and years 

nuiiitlis 

1 within 
seasoaH 

Percentage of abnormal 
spermatozoa 


■ 


.. o' 


Percentage of haemoglobin 



m . ■ 



Percentage of cell volume 

** 

)»* 


* 

** 

Average humidity 



* 



Average rainfall 


■ ' *■’■ 

* 



Average temperature 



** 




**Sigiiificant at one per cent level. 
♦Significant at five i)or cent level. 
“Non-significant, 


The results show that in all the charaet(>ri,sti(5s of ,s(«tHen and Mood, 
in the percentage of abnormal sperjiiatozoa th<*re Wiis highly nigiiifie.-Mit, varialloii 
among bulls. In other words, the variations ol).se.j‘V(Ml w<'.r(^ so great tliat diilbreiK^os 
due to chance were less than one per cent. Ihdaveeu the two expiu'iuHMdal ye.aiH 
of 1945-46 and 1946-47, the semen characteristics observed, (‘xc.<-j>tiiig: tlie inilhil 
motility of spermatozoa and 'pB. of semen, were dm*, to chance varhiiions. Ilueiuo- 
globin as well as cell-volume coiitenhs of blood were highly variabh*. he.tweeii y('aT's. 
Among seasons, variability in initial molality was just significant, wlM>rea,s the 
variations in sperm concentration, i)oreenta go of aljiiunuid s[ienn,atozoa, lunuuo- 
globin and cell-volume were highly signiticant. Coll-voiinnti vaih'd due to inte.r- 
action of seasons and years. Among mouths vvitliin seasojis, highly sigailioant 
variations were found in^H of semen and blood characteristics. 

Analysis of variance of the meteorological data was carried out btd.\ve(m years 
among seasons and interaction between seasons and years. It will be seen from tlui 
table that air temperature variation among seasons 'was highly significiint:-. Tlu'-re, 
was, however, significant variation in relative hun.idity and rainfall. 

To i<‘st the differences between significant a.nd higldy siguifuMiit factors as 
presented in Table III, critical difference (C.D.) of tlu; variable hufi.ors at; 5 piu- c,<nit 
level of probability was worked out and the results are prcs(*,ut(!d in 'Isibhis lY to 
VI. In each of the tables average figui:e under tlio same bar did not vary a,t 5 per 
cent level. Table IV shows C. P, of variable factors a-moug bulls. 



Table IV 

Critiml difference of Jive per cent Imel of viriable factors between- hiilU 
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Table V 

Criiiml differeme at S per cent level of variable fadors between, years 



Value of 

O.D. 

Averages of years arrangotl 
in ascending ordm- 

luitiai motilitry of spermatozoa 

0-12 

1946-47 
(3-33) ^ 

1945-46 
(3-64) ^ 

pH of semen 

0*04 

1945-46 
(6-22) ^ 

1946-47 
(6-36) ^ 

Percentage of haemoglobin 

0-14 

1945-46 
(8-27) ^ 

1946-47 
(8-52) ^ 

I'orcontago of cell volume ' 

0-87 

1945-46 

(40-37) 

1 — j 

1946-47 
(42-10) ^ 


Table VI 

Critical difference at f> per cent heel of variable factors between seasons 



Value of 
C.I). 

Avorage.s 

of seasons arrauga<l in ascending 
order 

Initial motility 

1 0-22 

Snmmor 

(3-29) 

Autumn 
(3-48) ^ 

Spring 

(3-54) 

Winter 

(3-66) 






J 

Sperm concentration per c,c. of 

93-84 

1 Autumn 
j _ (534-85) 

Summer 

(()10-2()) 

Wintoi- 

(693-96) 

Spring 

(699-17) 

fiomen. 





J 

Percentage of abnormal sperma- 
tozoa. 

Percentage of haemoglobin in 
blood.. 

Percentage of cell volume 

1-24 

[ Suminor 
(3-92) 

Autumn 

(5-52) 

(Spring 

(5-58) 

Will ter 
(6-15) ^ 

0-20 

Autumn 

(7-72) 

Winter 

(8-33) 

Summer 
(8-.5S) ^ 

Spring 

(8-93) 

1-21 

Autumn 

(37-22) 

Summer 

(41-70) 

Winter 

(42-19) 

Spring 

(43-76) 

Percentage of humidity 

18-66 

Spring 

(44-50) 

Summer 

(59-16) 

Winter 

(64-83) 

Autumn 

(74-50) 







Average rainfall 

6-40 

Winter 

(0-26) 

Spring 

(0-40) 

Autumn 

(7-!0) 

Summer 

(8-45)^ 

Average air fem^Krature 

7-86 

Winter 

{62-96) 

Spring 

(75-23) 

Autumn 

(82-50) 

Sumim^r 

88-91) 
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It is apparent from tlie table that the ‘ reaction-time ’ of bulls did not show any 
relationship with the cpiality of semen produced by them. Tlic quality of semen 
of bulls under the same bar, which did not show significant variation in their average 
‘ reaction-time ’ varied considerably. For instance, the semen quality (as Judged 
by initial motility, sperm concentration and total number of .spermatozt)a) of bull 
248, wliose ‘ reaction-time ’ did not vary ■significantly from bulls 240 and 194, was 
significantly inferior to that of those. two bulls. Bulls 195 and 200 did not vary 
in their ‘ reaction-time ’ but there was a significant variation in all their semen 
attributes except motility and volume of semeu ; bull 200 was inferior to bull 
195. Similarly, the semen of bull 187 which did not significantly vary from bull 
194 as regards reaction-time ’, was inferior to this bull. It seems, therefore, that 
in bulls the ‘ reaction-time ’ which is an indication of sex-vigoin- is independent of 
sperm production and the quality of semen. 

Kogarding volume of semen, bull 187 gave the largest quantity and bull 248 
the smallest. Bull 195 was iuferior to bull 240. The rest of tlie bulls did not vary 
among themselves. Although the voinme of semen from bull 187 was much higher 
than from the rest, the initial motility and sperm coiiceiitratiou in this bull were 
th(j lowest. It seems that the amount of the accessory glands secretions in this 
bull was much inore tlian in others, presumably it was due to this particular animal 
being three years older than the rest. 

Initial motility of bull 248 w^as significautly higher than bull 187 but lower than 
the remaining bulls. Bull 194 was inferior to bull 195. The variation among bulls 
194, 200 and 240 was not significant. 

As regards y)II of semen there were two distinct groups. Group A included 
bulls 195, 240 and 200 and Group B included 187, 194 and 248. The semen quality 
(as Judged by sperm concentration, initial motility and total number of sperma- 
tozoa) of all th.e animals in Group A was decidedly superior to that of bulls 187 
and 248 of Group B. The reason why the semen of bull 194 showed higher 
inspite of higher concontratioii and total number of spermatozoa may be found in 
the fact that during December 1940 to April 1947 the animal suffered from, inflamma- 
tion of the seminal vesicles. Due to this inflammation the semen samples during 
this period were found to be very alkaline and contained leucocytes ; furthermore 
the initial motility of spermatozoa was also low during this period.. It appears, 
therefore, that in animals showing the normal range of of semen, those with 
comparatively higher pH value are poorer in sperm concentration, total number 
of spermatozoa and initial motility. 

Sperm concentration in bull 200 was significantly higher than in bulls 187 and 
248. Bull 240 was inferior to bull 194. It will be seen that there was a direct 
relationship between the sperm concentration and initial motility of spermatozoa. 
Sperm concentration and initial motility were observed to be louver in bull 187. 
Bull 200 which was decidedly better than bulls 187 and 248 for sperm concentra- 
tion gavo^ samples with higher initial motility. Between bulls 240 and 195 there 
was neither significant variation in sperm concentration nor in initial motility. 
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As h.as been stated before the total number of spermatozoa was ealciilateHl Kv 
multiplying the density of the ejaculate by its volume, it was e,x]K.*e.te(l, tberidoi o, 
that in bulls, showing significant differences in volunKi but not in s]KU'ni {‘.onwuii la- 
tion the total number of spermatozoa with larger volnuie of ejaculati^ wanihl be 
higher. This was found to be true in bulls 248 and 187. Hpium-cuiKnuil radion o^ 
these two bulls did not vary. However, as bull 187 was niiieh supcu'ior to bull i bS 
in volume, the total number of spermatozoa was significantly greater than that ul 
248 which had the lowest semen volume. There was no significant variatkm m ^ 

the total number of spermatozoa between bulls 187 and 200. This was })erhaps due 
to the fact that the volume of semen of the latter wuis significantly loss than tlnit 
of the former although its sperm concentration was significantly higher. ^ Bulls 
194 and 195 did not vary in tliis characteristic as. tliere was neither significant 
variation bet^veen their semen volumes nor Ixdweeu tluur s])c,rin coiKHUitratioim. 

13etwe.cn hulls 195 and 2^0 there was not significant variation in s{.au'iu eonc,<,intrii- 
tion. Altliough there was a significant variation in llieir volume, of seme.n, the 
variation was not so groat as Injtween bulls 187 and 218. It was preliaps dtu'. to 
tins reason that no signilica,iit variation intlui total number of sp<‘nnal.ozoa, iH'-t wa-eu 
bulls 195 and 240 was observed. 


llegarding the blood constituents it will be Siam from tlui tabit; that ther<' W'us 
a very close relationship between cell volume and haemoglobin (ionteiits. Bulls 
having higher concentration of haemoglobin also h.‘id higlu'.r ce.ll voluuu* in bhxxl. 

Judged by these two characteristics, the quality of l)lood of bull 187 was ])otjresl.. J| 

Furthermore, the semen quality of this bull as rega,r(ls initial motility and sperm 
concentration was very poor and the pH of semen was bigh. Bull 218 was signi- 
ficantly inferior to bulls 240 and 194 for blood, a.s well as J'or seiium attribut<is. Bull 
194 which showed highest coneentration of haemoglobin and e<fil volume in blood 
also sho’wed highest sperm concentration in semen. Its total niimbc.r of sperimi- 
tozoa did not vary significantly from that of bull 210 which showed flic, iiighest 
number of spermatozoa. 



From the records of bulls 387, 194 and 248 it appears that thcr<! was a direct 
correlation between semen and blood quality of bulls. Had it becm i-eally so, })u1Ih 
200 and 248 wliicli did not vary significantly in their blotxl constitutions should 
not have varied in their semen quality as well. But bull 248 was tlu*. pO(>ia:st of all 
for volume and total number of spermatozoa. The pH value of semen wn.s also 
high and there was not significant variation in .sperm cmicontration l>etwtien 218 
and 187 which had the lowest sperm concentration. Similarly, bull 195 did not. 
vary significantly in blood picture from bull 248 but its semen (piulity was dechhxlly 
superior to bull 248. 


Table V shows C. D. at 5 per cent level of variable, finh-ors betwesen yea.rs. From 
the table it will be seen that ouring the first y<}ar of tlie, e.'Cjxwimen't tlu*. initial 
motility of spermatozoa wuis significantly higher tluui in tlie s(H;oud year, wlie.reas, 
the pH value in the second year was more than in the first y('ar. Blood .-^amph^s 
of the animals during 1946-47 were richer in liaeimjgfiibin and c<41 volume than in 
1945-46. It is apparent, tlierefore, that although the gcmeral (ionditiems oi‘ the 
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animals improved during tlie second year as sliown by higher haemoglobin and cel 1 
volimie contents of blood, their semen quality deteriorated as indicated by higher 
pH value of semen and lower initial motility of spermatozoa. No satisfactory 
explanation for this deterioration in semen quality seems possible without detailed 
studies of the various contributory factors for semen production. 

Critical difference of the variable factors between seasons is given in Table VI. 
From the table it is apparent that there was no significant variability in the initial 
motility and sperm concentration between summer and autumn. For initial 
motility summer and for sperm concentration autumn was the worst season. For 
haemoglobin and cell volume in blood, autumn was decidedly inferior to the rest 
of the seasons. Haemoglobin varied &om season to season but no significant varia- 
' tion ill, cell volume was found between winter and summer. For the two blood 
constituents and for sperm concentration, autumn was the worst and spring the 
best season. Autumn differed significantly from spring in relative humidity and 
rainfall ; these in the former season being 30-0 per cent and 6*74 inches respec- 
tively more than in the latter. There was, however, no significant variation in the 
avei-a.ge air temperature between the two seasons. It appears, therefore, that 
sperm concentration in semen as well as the two blood constituents improved con- 
siderably when the environmental temperature was moderate and humidity low. 


Table VII 

Percentage distribution of abnormal spermatozoa in different seasons 


Seasons 

Abnonuali- 
ties of 
head ' 

Abnormalities of 
middle piece 

Abnormalities of tail 

Beaded 

middle 

piece 

Other ab- 
normalities 

Tailless 

Bent 

tail 

Coiled 

tail 

Other 

abnorma- 

lities 

Antnmn 

2-66 

2-7 

0*95 

12*65 

9*33 

2*64 

2*46 

Winter 

2-83 

2-04 

0-25 

8*33 

15*75 

3*46 

2*91 

Spring 

2-12 

2-33 

0*25 

8*37 

12*33 

3*16 

4*66 

Sumuier 

2-6(> 

i 

2*25 

1 

0*45 

11*08 

3*91 

1-83 

1*79 


As regards abnormal spermatozoa, summer differed significantly from the rest 
of the seasons. In summer percentage of abnormal spermatozoa was low. Per- 
centage of abnormal spermatozoa during the different seasons of the year is given 
ill Table VII. The most common t,ypes of abnormalities have been tabulated under 
■different heads and those which were not common have been put under one group 
‘ other abnormalities’. It will be seen from the table that in winter and spring ‘ bent 
tail ’ spermatozoa increased cousid.erably, whereas autumn and summer favoured 
■ ' . ' 4 
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the formation of tailless ones. Percentage of ‘ coiled tail ’ spermato^^oa was liigh.ei' 
in, winter and spring and lower in autamn and summer. The rest of the aibnor" 
uia'lities did not show any marked variation from season, to sea, son. The fall in 
the pereenta,ge of abnormal spermatozoa in summer might be due to the foot that 
during this season the ‘ bent tail ’ sperms were minimum although tb.e tailless ones 
were as high as in autumn. 

Consideration of critical difference of and blood constituents between months 
has not been attempted as the samples obtained from each bull in a month were 
too small to yield any valid conclusion. 

Discussion 

As has been stated above, statistical analysis of the data on ' reaction-time ® 
revealed that it was not influenced by season. Salisbury [1944] also did not find 
any signiflcant monthly variation in bulls with regard to this ebaraoter. 

* Eeaction-time ’ is an indication of sex desire or libido and sex vigour. Sex 
desire as judged by ‘ reaction-time ’ varied considerably in bulls, but it did not 
give any indication as regards their sperm production. This observation is in agree- 
ment with those reported by McKenzie and Berliner [1937] in rams, and Anderson 
[1939] in bulls. 

Various workers have shown that sex desire in males is controlled by male 
hormone (testo.sterone). Injection of testosterone to immature, castrated or bypo- 
physeotomised animals increased their .sexual desire as shown by the erection of 
male genitalia and increased frequency of copulation [Hamilton, 1937 ; Shapiro, 
1937 ; Stone, 1939 ; etc.]. It appears therefore, that the production of testosterone 
ill the matured bulls of the present experiment was not influenced by such externa! 
factors as air temperature, relative humidity and rainfall. 

Volume 

Prom the analysis of variance of total volume of semen it i,s seen that there was 
highly signifi-cant variation among bulls in their total output of semen per ejaculate. 
This character, however, was not variable from month to month or from season to 
season. The present result agrees with those reported by Phillips et al. [1943], 
Swanson and. Herman [1944], Salisbury [1944] and Anderson [1946] but is contrary 
to those obtained by Erb et al, [1943] and Mercier and Salisbury [1946]. 

Total volume of semen is mainly dependent on the secretions of the accessory 
reproductive organs. It is now welHmown tha.t these secretions are dependent 
upon testosterone liberated by the interstitial cells of the testes. The measure- 
ment of the total volume of semen, therefore, as pointed out by Bogart and May<‘.r 
[1946] reflects the functional, capacity of the interstitial cells. Results o])taiiied 
in this experiment show tliat there was individual variation in the functional capacit.y 
of the interstitial cells of the testes in bulls but it was not influenced by seaso,us. 
This observation, therefore, lends further support to the view that pronclction of 
testosterone is independent of the external factors studied in this experiment-. 


m 
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pif of semen 

Tlie hydrogenion-conceatratioii lias been recognised by several investigators 
as one of the many characteristics of semen for evaluation of its quality. From 
analysis of data for individual bull, pH of semen did not s<'eni, to have any special 
significance except that it indicated in a general way other qualities such as, sperm 
concentration, initial motility and total number of spermatozoa. The pH value 
of semen was usually found to lie between 6'22 to 6*34. Higher pH value was 
associated with low values of other semen characteristics and ‘oice versa. 

During the latter part of the experimental period, the pH value in one bull, 
however, was found not to lie within the range but was 6*8 or alx*vc. As mentioned 
earlier this was due to an infection in its seminal vesicles. Anderson [1945,®] also 
observed that in conditions involving pathology of genital organs the reaction of 
semen was charaxjteristically aUialine. 

Results obtained in this exvperiment on the elicct of seasoi! on pH arc in agree- 
ment with those reported by Hlrl> cd. [1942], but not with those obtained by 
(Swanson and Herman [1944], Anderson [1946,6] and Raps and Cannon [1947], It 
may be mentioned here, that there existed a highly significant seasonal variation in 
sperni, concentration. As the sperm concentration of semen in individual bulls was 
negatively correlated with the pH of semen, it was to be expected, therefore, that a 
seasonal trend in pH should also exist. The results, however, did not show any 
such trend. This juight be due to the fact that pH was determined in this investiga- 
tion with B. ;D. H. capillators by colorimetric method. Admittedly, the values 
obtained with this method would be less accurate than wha.t they would have been 
if determined by glass electrode pH meter. But it appears that as pH is a general 
indication of semen quality it failed to show any definite seasonal trend. 

Initial mo/dUy 

! nil iivl motility as estimated by direct microscopical examination is dejiendent 
up(ju thi‘. activity of spermatozoa as well as the sperm concentration. Variations 
in sperm concentration will, therefore, reflect on the degree of initial motility. 
Analysis of the present data showed highly significant variation among bulls and 
between different years, and signiffcaiit variation among seasons. The results, 
on the whole agree with those reported by Erb et :d. [1948], Sawnson and Herman 
[1944], Salisbury [1944] and Anderson [1945,6] but differ from the findings of Phillips 
et al. [1943] and Mercier and Salisbury [1946] who reported no significant seasonal 
variation in the initial motility. 

Sperm coneentration 

Determination of this characteristic is essential in order to appraise the fertiliz- 
ing capacity of the semen sample. Result of analysis of data on sperm concentra- 
tion showed that it was highly variable among bulls and among seasons. This 
agrees with the results reported by previous workers except Anderson [1941] and 
Swanson and Herman [1944]. 
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.Estimation of sperm concentration at regular intervals as was dom; in tiiis experi- 
ment, provided a direct indication of the rate of spermatogenesis. 8pei.'mii,togcin^sis 
is controlled by the activity of the follicle stimulating horniom; ot t;he. iuite.rior 
pituitary gland. For full manifestation of its activity, h()we\’'er, the secretions ol 
other endocrines are also necessary. Very recently it has been domonstratiid t.hat 
in some larm animals the seasonal variations in fertility and semen cliaraetei-istics 
correspond with the seasonal activity of the thyroid gland and. that this siersonal 
effect can be controverted by artificially administering thyroid liojmonc in summer 
and one of the depressant thiouraoil drugs in winter [Berliner and. ^^h^L•britton 
(1937) Bogart and Mayer 1946]. It seems, therefore, that decrease in sperm co 2 i- 
centration in summer and autumn may be due to mild hypothyroidism produce^:! 
due to the prevailing high environmental temperatm'e and relative humidity. 

Total number of spermatozoa 

Sperm concentration is indicative of spermatogenetic activity hut docs u(,)t. giv<*. 
a true evaluation unless the total number of spermatozoa per e;iaculatc is also con- 
sidered. The total number of spermatozoa per ejaculate when from 

data of two successive ejaculates from an individual animal gives j-atlier an acc-urati! 
picture of semen quality of the animal for the particular perhxl when the semen 
was collected. Analysis of data for total number of spermatozoa in differimt. bulls 
showed no seasonal influence on this character. The present is in disagree.' 

ment with those, reported by Erb el al. [1942] and Phillips at al [19431 but is in 
agreement wdth that reported by Mercier and Salisbury [1946]. The latter authors, 
however, expressed doubts about their results because the frequency of semen 
collection in their study was not rigorously controlled. Consequently, they Indieved 
that the variation due to seasons in this respect miglit have been obseiired. 'riiey 
have, therefore, suggested that ‘ before the question is satisfactorily answered it 
will be necessary to establish a rigorous schedule for semen collection throngliout a, 
year In this investigation, a definite schedule throughout Ihe two eousce-utivo 
years was followed in collecting semen samples, and yet no signitieaut. ^'^^riati()u 
among seasons or among months within seasons was observed. 

Ahnormul spermatozoa 

The result obtained in this respect show that bulls did not differ .siguiticuntly 
in ^production ot abnormal spermatozoa. Regarding the i^ffcct of seasons it was 
.found that summer differed from the rest of the seasons in producing low j'lcrcentage 
of abnormality. Highly significant seasonal variations in abnormal spermatozoa 
of bulls have also been reported by Erb [1942], Fhi]li})s el al [1913], Swausoii 
and Herjnan [.1944] and Mercier and Salisbury [1946], During winler and spring 
more bent and coiled tail sperm.s were produced, whereas in simuma- and a,uturun 
more tailless ones. Phillips and his collaborators while workijig with ljulls and 
rams [1943, a; and 1943,6] reported a high percentage of abnormality in tails during 
winter. But they did not mention the types of the tail abnormalities observed. 
They considered that cold weather might have adversely effecte.d the. tails after 
the collections were made. To test the validity of this view a lew fresh samples 
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of bull semen in small test-tubes were put into chipped ice for about half an hour 
immediately after collection and later on examined for the percentage of ' bent 
tail ’ spernis. Samples thus treated did not sho-w any increase in the a,ppearance 
of l) 0 nt tails or coiled tails. Mukherjee and Bhattacharya [1949] have shown that 
tJiese are not true abnormalities but are immature forms of spermatozoa. It seems, 
therefore, that during winter and spring when the rate of spermatogenesis is liigli, 
a considerable number of immature spermatozoa are carried along with the normal 
fiperinatozoa in the male reproductive tract before they come to ampullae for final 
ejectment. ■ / - ^ 

Mood constituents 

From Plates IV and V, it is clear that the two blood constituents, vk., haemo- 

f lobin and cell volume were inversely related to the changes iti air temperature, 
[igher the temperature the lessei’ was the haemoglobin and cell volume contents 
in blood. Manersa at ah [194*0] also found that haemoglobin index was higher in 
winter and lower in summer in Philippine cattle. For both haemoglobin and cell 
volume the result reported herein agrees with that reported by Pal ei ui. [1945] 
in dairy cows in India, 

During summer air temperature is high as compared with body temperature. 
As soon as high air temperature comes in contact with skin, some heat is absorbed 
by peripheral blood which subsequently passes through the heat regulating centre. 
On coming in contact with blood of higher temperature this centre operates to dis- 
pose off the extra heat and as a result the red and white blood corpuscles and plate- 
lets go to their reserve places, i.e., spleen and liver. The increased blood plasma 
in the dialated capillaries evaporates off in the form of perspiration and keep 
the body cool. Secretions of thyroid and adrenal are also inhibited [Kuno, 1935], 
During antumn, high environmental temperature with high humidity perhaps 
prevent the dissipation of the exrta body heat by retarding body evaporation and 
thus the physiological adjustment is to a large extent upset. In consequence, 
there is a general derangement of the body functions including the spermatogenesis 
of the testes and hence the low concentration of spermatozoa during autumn. 

Btjmmaby 

■ Seasonal variation in ‘ reaction- time semen characteristics, haemoglobin and 
cell volume contents in the blood of six Kumaimi hill bulls w'ere studied during tw'o 
consecutive years. 

Highly significant variation was observed among bulls in average ‘reaction- 
time all attributes of stmten studied except in the percentage of abnormal 
spermatozoa and the tAvo blood constituents. 

‘ jR ©action- time ’ did not show any definite seasonal trend and bore no relation- 
ship with sperm production. 

Colour and consistency of semen was found to be thin rriilky in autumn and 
milky in the other three seasons. 
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No significant seasonal variation in average soinoii volume and fotitl imini)er ol 
spermatozoa was observed. 

HigUy significant variation was observed in tbe average niitial motiiity betwoeji 
years; the first year being superior to the second year. Jt also vco-iod 
significantly among seasons ; summer showing significantly Jow<vr motility 
than winter. 

The pH of seinen showed highly significant variation bet ween years and bet\v(>.('.n 
months within seasons. pH during the first year was iower than in the 
second. 

Highly significant variation in sj.)erm concentration was observed anujiig 
seasons ; autiimn showing significantly lower concent ration Ifian winter 
and spring. 

Among seasons highly significant variation was foimd in t he })ei‘<*eii.tage of 
abnormal spermatozoa. In summer tbe percentage of abiun'inal sperma- 
tozoa was less tlian in ol^her s<'.asons. Some Ibi-ms of tail :ibnor,inaliti<‘S 
such as, bent tail and coiled tail were found t,o be more jn-cpoiulcrant iti 
winter and spring, fn autumn and summer, tailless forms were sliglitly 
more in comparison witli the other two seasons. 

Haemoglobin and cell volume (jontents of blood were highly vai’iable among 
bulls, between ^uoirs, among seasons ajid among months within soa.sons. 
Tho two blood constituents were Inghei' in t.lie siaarnd year than in the 
first. Among seasons, sprijig was found to bo tlw.‘ b<;st and aulaimn the. 
worst for these cliaractcristics. 

Tho quality of semen and the blood of tire bulls wenr significantly supe.rior in 
spring, ix., rebriuiry to April and significantly inferior in autumn, ?.c., 
August to Octob«u‘, Spring was marked with moderate air temporaturoj 
lowest hmnidity and scanty rainfall. Whereas, autumn, recorded as high 
an air temperature as in summer associated with liigli humidity and 
rainfall, 

Aoknowledkment 

The authors are indebted to Mr. A. Hoy of the Statistical Brancii of Indian 
Uouncil of Agricultural Hesearcli for his valuable suggestions regarding statistical 
treatment of the data. 
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By S. S. Peabhu and S. Guha, Indian Veterinary Research. Institute, Izatnagar, 
Uttar Pradesh 

{Received for publication on 12 June 1951) 

T he importance of regular exercise for breeding bulls is mentioned in all 
standard books on animal husbandry. Bartlett and Perry [1939] reported 
that daily exercise lasting for one hour at the rate of 2| miles per hour increased 
semen output by 61 per cent. Kelly [1940] observed that 30 minutes exercise at 
2-| miles per hour greatly increased the quality of the semen. He found that motility 
rose from 6 to 45 per cent before exercise to 60 to 100 per cent after exercise. With- 
out exercise motility ceased at 3 to 24 hours, while with exercise it was maintained 
up to 22 to 39 hours. The report of Hamilton and Symington [1939] showed that 
daily exercising increased the volume of ejaculate, sperm concentration and motility, 
while Dunlop [1941] laid great stress on plenty of exercise for producing larger 
ejaculates containing more sperm of higher activity. 

In recent years, increased attention is being paid to the environment as one of 
the major factors conditioning the physiological reaction of animals. The breed 
of the animal also is known to play an equally important part. With the higher 
air temperature and humidity ranges prevailing in this country, it was thought 
worthwhile to investigate whether the conclusions on the effect of exercise on semen 
production arrived at by the foreign workers held good in Hoto’, or at least in part, 
under the environmental ‘stresses’ met here. The immediate object of undertaking 
these studies was to arrive at some tested standards for exercising the bulls kept for 
routine use at artificial insemination centres. In the present paper are reported the 
results of three series of experiments conducted on a lot of 8 Kumauni-hill bulls. 

Experimental procedure 

Eight Kumauni-hill bulls receiving a uniform and standard diet were divided at 
random into 2 groups. The treatments were alloted to the 2 groups at random 
and at the end of a certain period which varied with the experimental series— the 
treatments were interchanged, following the ‘Switch-back’ design described by 
Brandt [1938]. 

Experiment 1. The experiment I was devised to test the effect of' exercise just 
prior to collection. The treatments consisted of an hour’s exercise and no exercise. 
The exercise was imparted by leading the bulls individually round a marked path 
at an average speed of about three miles an hour. Immediately on the completion 
of the exercise semen Was drawn. Pour times in a week collections were made 
from the bulls and on each day of collection, two ejaculates in rapid succession 
were taken. The treatments were interchanged between groups at each ensuing 


EFFECT OF MUSCULAR EXERCISE ON SEMEN 
PRODUCTION 


94 


EFFECT OF MUSCULAB EXEBCISE ON SEMEN 


[VoL XXII, Part II, 


Gollectioas, thus group 1 which received exercise boibrc! eolleciiiou ou the first day, 
received no exercise at the second day of collectioiv find exercise iigfiiii on tlu', third 
day of collection and so on. The expcriiiunit lastfid for two wee.ks. Nornmliy, 
only two collections in a week are inaile from routiiu^ firtilicifil inse.miufition hulls. 
The decision to have more collections in a week and coniine the (exptirimejit to only 
two weeks was taken in order to eliminate effect of seiison on scniim production. 
Daily interchanging of treatments betw'een groups reduced t-he chances oi. long term 
cumulative effecte, if any, of exercise on semen production, so that only tlu*, point 
at issue namely wmiediale effect of exercise on semen production and reaction time, 
could be studied. 

Experiment II. The experiment was planned to test the long term effect of 
lack of exercise on semen production and reaction time and was conducted on the 
same bulls as used in experiment I. The treatments as before consisted of exercise 
for one hour at the rate of throe miles an hour and no exercise. As before the 
‘Switch-back’ design was employed. Tlie troatiiieuts were intorchiingcid at the end 
of a period of one month and, unlike the first experiment, per week only i)tie collec- 
tion with two ejaculates colheted in rapid succession was made. The experiment 
lasted for four months. 

Ex 2 )erimeut III. This was designed to test two levels of oxcj-cisc — one hour and 
two hours daily' — on semen production and reaction time. The experimental design 
adopted was the same as followed for Experiments I and 11. Tfiie treatments e-oii- 
sisted in daily exercising of bulls for one hour and two hours respectively at the 
usual rate of three miles an hour. Collections were made as in Experiment 11. 
Unlike Experiment II, the treatments were interchanged between groups fit the end 
of two months. The experiment lasted for four months. 

Semen characteristics studied 

In each experiment the two ejaculates were treated separately and studied for 
(i) Colour and consistency (ii) Volume (iii) Initial motility (iv) Initial pH. (v) Sperm 
concentration (vi) Per cent of abnormal sperm (vii) Total number of sperm in the ejacu- 
lum. In addition, records were maintained of the total ‘reaction times’. 

Results 

111 all the experiments the procedure given by Brandt [19'42] ^vas followed in 
analysing the data. 

Experimmi I. The data are summarized in Tabic I. Tiie figui'es given in the 
table are averages of four observations taken while receiving the treatnuuit. (Ex- 
ercise or no exercise). A preliminary study in which the various sets of obscrvfitious 
on semen characteristics of a given animal while receiving exercise, w('.V(.! compared with 
similar sets while receiving no exercise, showed no clear-cut ‘trceuls’. Secondly, 
bull-wise comparison of tho overall averages of the various semen (jluiracteristics 
of the collections taken in the first week with like averages of the siicond \vee‘k also 
showed no obvious ‘trends’. Tlie results of the aiifilysis of variance carri<ul out for 
each semen characteristic and for each ejaculum are given in I’ablo II, 


Showing hull-ivise average characteristics of semen and reaction times observed in experiment I 
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From Table I and Table II it will be seen tbat--(i) Volume. In both cjaculat('„s, 
the bulls ill the ‘no-exercise’ group produced on an average slightly larger ejaculat,es 
than the bulls in the ‘exercise’ group. The overall mean for the former was ihO c.c-. 
as compared to 1-29 c.c. of the latter. F. ratios as worked out si'.parately for tJie 
two ejaculates were found to be not significant, while in the ‘pooled’ analysis if. ratio 
approached five per cent level of significance. 

(ii) Initial motility. In the first ejaculate, the mean motility rating was slightly 
higher for the ‘exercise’ group than the ‘no-exercise’ group, while it was the other vyay 
about in the second ejaculate. The overall means for the ‘exercise’ and ‘iio-exercise’ 
groups were 2*33 and 2*51 respectively. The group differences when considered 
separately and together for the two ejaculates were not statistically significant. 

(iii) Sperm concentration. As in the case of the initial motility, sperm concentra- 
tion was higher for the exercised bulls than the non-exeroised onesin, tlio first eja- 
culate and nice versa in the second ejaculate. The respective overall means for the 

^ exercised and iioii-exercised bulls were 557*0 M/C and 568*5 M/C. The difference 
was not statistically significjuit. 

(iv) Per cent of abnormal sperm. The percentage of abnormal sperm followed 
the same trend, as initial motility and sperm concentration. In the first ejaculate, 
the figure was slightly higher for the exercised than the non-exereised bulls, while 
in the second ejaculate, it was the other way. The overall group means foi! the 
exercised and non-exercised bulls were 7*33 per cent and 7*47 per cent respectively. 
The difference was not statistically significant. 

(v) Reaction time. Exercised bulls took on an average lesser time to giv e both 
the ejaculates than the non-exercised bulls. The overall moans for the two groups 
were 80*5 seconds and 86*0 seconds respectively. The difference was Jiot statistically 
significant. 

(vi) Total sperm in an ejaeulate. The exercised bulls on an average gave large 
number of sperms in the first than in tlie second ejaculate as compared to the non-ex- 
ercised bulls ; the overall group means for the bulls in the two lots being 758*5 milli- 
ons and 909*0 millions respectively. The difference was not statistically significant. 

Experiment 11. The data are summarised in Table III. The figures in the table 
are averages of all observations in like treatment periods. In statistical analysis, 
the question arose as how best to utilise the data within a period. In the })revious 
experiment as only one observation per ejaculate (first or second) was available, this 
did not present much difficulty. In the present experiment, 4 observ{i,tions j)<;r 
period of one month were available. Cochran, Autrey and Cannon [1911] who 
have used a short time switch over design in studying the effect of dilfiirent r’ations 
on milk production have used the total milk production during the ox|K;riment,{il 
period as a single observation for analysis. Branton, Bratton and Balisbury {1947 ] 
who employed a similar design in studying the nutritive requirements of dairy bulls 
used in artificial insemination have used the average value instead of the total value 
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(wliich ill effect amounts to the same thing) of the data grouped by experimental 
period as a single observation for statistical treatment. It was argued against this 
procedure that possibly averaging of observations within a period smoothened out 
actual effects, if any, due to treatment within that period. This would appear to 
be so when one considered the possibility of treatment effect being shown only 
towards the end, if the period was fairly short or after the expiry cf some time, if 
the period was a long one. Keeping these points in view, an attempt was made to 
study the effect of the nature of grouping of observations in the experimental periods 
on the statistical analysis. Analyses were made by first taking only the last observa- 
tion within an experimental period before change of treatment, then the average 
of similar last two observations and finally the average of all the four observations 
within an experimental period. The corresponding results are shown separately for 
each characteristic in columns A, B and C of Table IV. The relative precision of 


Table IV 

Showing the error M. S. (Experiment II) 


Semen characteristics 

First ejaculate 

Second ejaculate 

Pooled avei'-Tige of 
the 1st and 2nd 
ejaculates 

d.f. 

M.S. 

d,f. 

M.S. 

d.f. 

M.S. 



r A 6 

13-11 

6 

12-65 

12 

12-88 

Volume 


B 6 

10-64 

6 

8-30 

12 

9-47 



1 C 6 

5-25 

6 

8-52 

12 

6-88 



r A 6 

16-49 

6 

8-62 

12 

12-05 

Initial motility 


B 6 

1-67 

6 

7-03 

12 

.4-39 



t C 6 

1-08 i 

6 

2-05 

,12 

1-56 

Sperm concentration 


r A - 
B 6 

2265486 

6 

1468490 

:i2 

1866988 



t C B 

540594 

6 

716676 

12 

628635 



f A 6 

168-66 

6 

19-68 

12 

89-13 

Percent of abnormal 


B 6 

85-82 

6 

43-45 

12 i 

64-63 

sperm. 










[ C 6 

34-31 

6 

23-88 

12 

29-08 

Reaction time 

1 

r A - 
; B 6 

12515-64 

6 

73470-54 

12 

42993-09 


1 

[06 

6829-94 

6 

25194-58 

12 

16012-26 

Total sperms 

1 

r A - 

B 6 

17621452 

6 

i 5122021 

12 

11321736 


1 

L 0 6 

3828567 

6 

3082961 

12 

3455764 


1 

^ A 6 

0-47 

' 6 

1-20 

12 ‘ 

0-83 

Initial pK 

i 

B 6 

0-07 

6 

! 0-57 

12 : 

0-32 


1 

G 6 

0-13 

6 

0-27 

12 1 

0-20 


the estimates got with A, B and C, procedures would be given by the magnitude 
of the respective errors of the mean estimates ; the least value corresponding to 

6 
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the more precise estimate. Since the error of the mean is dependent on the (jri'Oi' 
M. S., the least value of the error M. S., would also correspond to the best ostimidio. 
Ill Table V are shown the 3 groups of error M. S’s found fore.-mh crit(‘.rion studied. 
Their examination show the existence of. a. clear ‘trcnd’.^* Thus tlie m-ror 
M. S. values progressively decreased with the incroa.sc iutlic numbtu’ oroljservaf.iuns 
averaged— the highest value being given by A whore a single obsei’vation was iisihI 
and the least by C wliere all the four observations. wore utilised. This sugge,si;S that 
when more than one observation within a period is available, it is uudosirabh', i.o 
carry out analysis using only a single observation. This will l.)c.sides, ohvi;it;e ilie. 
necessity of adopting the complicated technique of analysis of jn,co.nTt.)]ete obsorvo,- 
tions, without much risk of any wide deviation from exactitude, if the numbers 
of observations per pe,riod are sufficiently numerous. The straight forward course 
in such cases would appear to be to take all the observations within a period as <Ion.e 
by Cochran, Autrey and Cannon [1941]. and Brantou, lirattoii a, ml Salisbury [1947 j 
for getting more, precise results. We have adopted l.his prt'.codun' in a.uaJ.ysing th<i 
data in this and subsequent experimeiifc and the results discuss<id a.ro on tlu^ basis of 
averages of all observations within a p<‘,riod. Idie analysis (if viiriuiice ('ombicted 
is given in Table V. From Tables III and it will be sc<m tlia.t : 

(i) , FoZwttc. Ill both ejaculates,. bulls in the hio-exerc.ise’ groups lu'odiiced on 
an average larger volumes than those in tlio ‘exercise’ groiii,). The overall mean 
for the former was 1'70 c.c. as compared to 1*54 o.o. of tlie latter. Tlu'. differ'cnce 
was not statistically significant. 

(ii) Initial motiUty. In the .first ejaculate, llio nu'an motility raiing was sliglitly 
higher for the exercised group than the n(,)u-exercis(!d one; wliile it was tlie oih(.u’ 
way about in the second ejaculate. The overall nuains for the e.sercised and non- 
exercised animals were 3-33 and 3*19 respeetivuily. Tlio differences helwt'en Inait- 
ments and ejaculates approached the 5 per cent level of significance, while the 
action treatment ejaculates was highly significant. 

(lii) Spe/t'm cxmmitmtion. In hoih (ijaculales, the sperni conceut.ralion Wiis 
higher in the exercised than in the non exe.rcise(j, bulls. The oveiall means for i he 
exercised and non-exercised lots were 835 and 744 .millions per c.c. l■(;sJ)(‘,e1 ively. 
The difference approached the 5 per cent level of significance. 

(iv) Percent of abnormal sperm. The exercised hulls had a less(sr percentagfi 
of abnormal sperm than the non-exercised bulls in both the ejaculates, ’.riui overall 
respective means were 5*37 per cent and (Ml) per cent. The differenct^ was signifi- 
cant at 5 per cent level. 

(v) Pmetion time. In both ejacnlates, on an average the uon-(‘X(vreis(jd bulls 
took a longer time tlum the exercised ones for giving the ejaculates, tlu-; ovu'ra.Ii 
means being 75 and 92 seconds respectively. The diflerejice' was not statistically 
significant, 

*In these oases in which observations were incomplete, the M. 8. for procoilnre A has boon 
omitted as involving complications. • 
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tr«atmeDts were: Exemse=ri81 millions howvt 

difference was not statistically significant. The between ej<i<-u a .»■ < 

was found to.be significant at 5 per cent level. 

(vii) Initial pff. The mean pH was lower in the 
to the exercise lot in the first ejaculate, while there was • we.re ^ 

ejaculate. The overall moans for the exercised and non-exeioisi.d s ^ ^ 
and 5-98 respectively. The difference was statistically significani, at j poi con . ■ 

From tlie Ibregoing, it would appear tha,t the attiibutes most ^ 

due to lack of regular exercise are initial pH, per cen- >. ^ I’.mrMwLs art^ 
sperm concentration and motility. In the, first two attribu ;es,^ ^ lo < ^ ^ jX;. 

statistically significant, while in the rest, they approach the o pel t.nn 

ficance. . . 

Expmmit III. The data are summarised in Tkihlo Vi. The 
table are averages of all observations within a jieriod.^ I smg ■ lo ai'* ^ 

observations witiiiii a period, analysis appropriate Id svvitclnbne. v < 
taken separately for the first and second ejaciilate.s, lor cacti ol 'lie a - ai >n < ' 

, study. As the error mean scpiares (carrying 6 tl«l: each) in the tavo ej.u u a, cs • < 

out to be homogenous (as determined by F. test) in all cases, a * ‘ *’ 

both ejaculates was carried out. The results are given in 1 able V 11 . j.vamma. . o 
of Tables VI and YII shows : 

; (i) Yolme. In both ejaculates on an average one hour exere.isinl aiiimah gave 
slightly larger ejaculates than the two hour e.xcrcised ones, the respec i\e oui.i 
means being 1.79 c.c. and 1-58 c.c.- The differeu<*e was not statistically sigiulicaiit. 

(ii) Irnm motility. The mean motility rating was higher in bot h ejaiuilaies, 
for the two hour exercised animals. The overall means (or the one lioiir and \\\o 
hour exercised groups were Z-H and 3*53 respectively, l.he diltereiice w .c-' no > s !*"> 
tically significant. 

, (iii) Sperm eomntrutim. In tlie iirst ejaculati:, tlio avmngn b|km'i,i connuutratimi 
of animais in tlio ‘one Uour exercise’ group was lower and m (. luseomul epuiuUite. 
higher than in the ‘two hour exercise’ lot. The actual overall y'*'**' ' ’ 

M/C for the oim hour and 903 iM/C for the two hour groups resjiectivc! y. 1 lie diltcr - 

eiice was not statistically significant. 

(iv) Per cent of abnormal sperm. The average percentage o( alnioi uml 
sperms was higher in the one hour than in the two lioiir grou]) in the. hrst epioiilate 
and uice -yma in the second ejaculate. The overall means of the one lumr am I two 
hour exercised groups were 6’36 per cent, 1()*23 per cent, respectively. 1 be diflcj eucc 
was not stutistically significant. ; 

(v) Reaction time. In both ejadulates hulls in ‘one hour epneise’ group on an 
average took longer time than those in the ‘two hour exercise group. Hie oveiaU 
respective means are 97 Riid 79 seconds. The difference was not statistically Kigin“ 
ficant. 



(vi) Total sperm in an ejaculate. In both the cacidate.s, bulls in the one hour 
cxerciise group gave larger number of sperm than those in the i:\vo liour group, the 
respective overall moans being 1598 and 1448 millions respectively. The dilTerenco 
di<l not approach the 5 per cent level of significance. 

(vii) Initial pJ/. In both ejaculates, there was hardly any difference in the va lues 
of 'pH of the semen of bulls in the two groups. 

Oji the whole, no significant differences in the various attributes of semen quality 
and reaction time were found between the animals subjected to the two levels of 
excercise, showing clearly that no material advantage was gained Liy increasing 
the rate of exercise from one to two hours daily. 

Summary 

1. Experiments were undertaken on Kumauni hill bulls to study the effect of 
immediate, long term (one month) and two levels of exercise (one hour and twm hours 
on semen production. The exercise (when otherwise stated) consisted in leading the 
hulls on a marked pathway at the rate of 3 miles an hour for approximately an hour. 

2. With the exception of semen volume, on significant difference was observed 
in the semen characteristics and reaction time of bulls receiving and not receiving 
exercise frior to collection. Bulls receiving no exercise for a period of one month 
showed significant changes in intial and percentage of abnormal sperms while 
changes in sperm concentration and motility rating approached 5 per cent level of 
significance. Tliere was no significant difference in the quality of semen and reaction 
times of bulls receiving one hour and two hour daily exercise. It has been concluded 
that while lack of exercise for long periods is detrimental to sperm production, 
increase in the daily level of exercise from one to two hours is not likely to 
materially improve semen production and reaction time. 
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SEASONAL VARIATION^ IN ‘REAGTION-TIME^ AND 
SEMEN QUALITY OF SHEEP 

By 1). D. Shukla anb P. Bhattaoharya, Animal Gem*rics Seotion, 

Indian Veterinary Research. Institute, Izatiiagar 
(Rocoived for publication on BO July 1961) 

( With one text-figure) 

T here is a distinct breeding season when the testes show maxiimiin i‘eproductive 
activity in the males of wild forms of domesticated animals [Marshal, 1922]. 
In the domesticated animals, however, probably as a result of changed environmental 
conditions attending the process of domestication, the males have become conti- 
nuous breeders. Raduleseu [1933] studied spermatogenesis in rams during all 
months of the year and found continuous spermatogenesis. Roux and Hoffman 
[1935] observed that rams do not become impotent during any part of the year. 
Though spermatogenic activity goes on throughout the year, its extent and rate 
have been found to depend on environmental temperature. Thus, MoKe.nzie and 
Berliner (1937] at Missouri found , that in Shropshire and Hampshire rams high, 
summer temperature induced a decrease in the numbers of normal and an increase 
in that of abnormal spermatozoa. Green [1940] observed low sperm concentration 
and rise in the proportion of abnormal spermatozoa from. J une to August in Shrop- 
shire rams at Minnesota. From January to May the semen quality was best in 
these rams. Gunn et al [1942] observed marked seasoml degeneration in rams 
in Australia during hot weather and a gradual recovery in cooler season. Phillips 
et al [1943, 6] have made similar observations in Hampshire, Karakul, Shropshire 
and South down rams at Maryland. In Kenya, seasonal variations in the semen 
of rams have been observed by Anderson [1945]. One singular fact which emerges 
out of the review of the literature is that climatic conditions influence very greatly 
the spermatogenic activity of rams and that high environmental temperature dec- 
reases the spermatogenesis. 

In the present study an attempt has been made to determine the seasonal varia- 
tions of semen characteristics of indigenous rams. This was considered worthwhile 
in view of the fact that the climatic conditions in India are \mry different from those 
of other countries and also the sheep of this country belong to distinctly different 
breeds from those on which similar studies have been conducted. 


xMaterial and methods 

Experimental animals consisted of 9 rams, 2| to 4 years of age of the type common- 
ly met within Uttar Pradesh. They were selected for good health and sex ability. 
Before the commencement of the experiment, they were trained to mount an anoe- 
strmrs ewe and ejaculate semen in the artificial vagina. 
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^i’liroiiglAOTit tlie experimental jieriod tlie animals were ticil separately in well 
ventilated sheds and were kept under umfonn dietary rnyiiuo, Th.c 
su 3 )|;)lied consisted of the following ingredients 

Rape cake .. ... , . • WOO parts Oy wen-ht. 

Wheat bran , . . ... . iJOO „ „ ,» 

Gram . . . . 600 „ ,1 

Indian corn . ... . . . 680 „ „ « 

Barley crushed . . , ... . 680 „ „ „ 

Salt ........ 28 5 3 55 j, 

To each animal half a pound of the above mixture was given per day along with 
8 lb. of green leaves. In addition the animals were allowed free gra:^ing for six 
hours a day. 

Two collections of semen at an interval of 15 minutes were made fruiu cmd!. 
animal every fortnight for tvro consecutive years. Each .semen .sample olitained 
was examined for the following phy.sical characteristics : - 

(1) Colour and consistency of semen. 

(2) Total volume of .semen. 

(3) Initial motility of .spermato>!oa, 

(4) pH of .semen. 

(5) Sperm concentration per o.o. of semen. 

(6) Total number of spermatozoa per ejaculate. 

(7) Percentage of abnormal spermatozoa. 

Besides the above semen eharaoteri, sties, the T-eactioU'timey i.e,, the i isue iiil.orvid 
between the release of the male ncai' the fce.iale a,nd actual moment of 
of the animals wa.s noted. The time was measured in se.isjuds. 

Colour and consistency were examined by th(‘, visual appearanct^ of I he stotcMi. 
Volume was measured to the nearest 1/1.00 u.c. of semen, hiitial mniilitv' v.m-; 
scored according to the criterion recommended by Erb, Audmws atiri jiiln*n j'i0t2|. 
Hydrogenion concentration of .semen .sample.s was det(M*min<a} by c.a pill.’! for 

by colorimetric method. Sperm concentration w'^iis floterinituMl by tlu‘ u.mial luc'iii'! 
cytometer method. Total number of .spermatozoa, was defenuinf‘'i from Cm 'hna 
on total volume and the sperm concentration jter unit volume of .se.men. PiU'ceiii n< 4 c 
of abnormal spermatozoa wn.s determined ace.ording to tlK* nuM-hod of .Vfifkiiciys* 
and Bhattacharya [.1947]. 

.Riil.S0171’S 

.Data showing the average quality of semen produced by the ranis in c:udj luoiii .h 
are presented in Table I. Examination of the data reveals that tlc.a-c did not j>\:,iHf. 
any relationship betw^een the Teaction-time’ and cpjality of semiut [)t.-o(!ur.rcl by 
the rams in each month. Colour of the samples during the. entire 
period was creamy. The consistency of the .sample.s was cither thin <n: I hick, h’rom 
the Table it is apparent that sperm concentration an<l total nujula'r of sperinabozo;!, 
for thin creamy samples varied from 1666 to 2371 million.s of superuiafozo.f f.cr c,,.. 
of semen and 901 to 1838 millions per ejaculate respectively, Thiel-: civamv .■.amph*-. 
had the sperm concentration from 2429 to 4961 millions jior o.o. of .semen and total 
.number of spermatozoa per ejaculate from 1359 to 3891 million.^, 'rhin c,o-a,m> 
samples had comparatively higher pH than thick creamy s;mT])les, 
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Average mmthkj va riation ’^femlionrlime^ and semen ehameteristios of rams 

1945-40. I 


1946-47 




. 







— — — • 


J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

J) 

J 

F 

M 

A 

M 

J 

J 

A 

S 

0 

N 

D 

Reaction-time (in seconds) 

36 

27 

38 

83 

22 

27 

39 

. 47 

40 

81 

30 

33 

23 

24 

22 

20 

23 

29 

32 

29 

24 

IS 

. 

IS 

16 

Colour and consistency 

Th. C. 

Tb. C. 

Th. C. 

Th. C. 

Th. e. 

T. a. 

T. C. 

T. 0. 

T.O.- 

T. C. 

Th. C. 

Til. C. 

Th. C. 

Th. C. 

Th. C, 

T. C, 

T. C. 

T. C. 

T. C. 

T. 0. 

T. C. 

T. 0. 

Th. C. 1 

Th. C. 

Volume of semen (in ml.) 

0-57 

0-76 

0-76 

0-7.5 

0-60 

0-64 

0-.56 

1 .. 

0-54 

0-47 

0-52 

0-.5t 

»-56 

0-56 

0-59 

0-(5l 

0-G3 

0-54 

0-68 

0-69 

0-62 

0-57 

0-56 

0-54 

0-07 

Initial motility 

4-3. 

4-7 

.s 

4-9 

4-8 1 

4*8 

j 4-9 

4-0. 

■4.3 

. 4-9 1 

4-3 

4-8 

4-3 

4-5 

4-7 

4-7 

4-9 

4-9 

4-7 

5-0 

4-9 1 

4-7 1 

4-8 1 

4-5 

pH of semon 

6-1 

6*1 

6-2 

6-2 

0*0 

6-4 

0-4 

0-1 

O-l 

O-l 

0-0 

(5-0 

6-4 

6-4 

6-3 

6-4 

6-3 

6-3 

6-3 

6-4 

6-5 

6-5 

6-4 

6-4 

Sperm concentration (in millions 
per ml. of semen) 

3,751 

4,088 

3,553 

4,951 

2,841 

2,371 

2,025 

1,0(56 

1,001 

1,909 

3,159 

.3, (585 

2, .593 

3,010 

3,268 

2,158 

2,291 

2,591 

2,204 

1,997 

1,855 

1,906 

2,429 

3,236 

Total number of spermatozoa (in 
millions) 

2,423 

3,141 

2,857 

3,891 

2,033 

1,579 

1,205 

901 

1,015 

!,3()5 

1,710 

2,133 

1,472 

1,931 

2,171 

1,447 

1,5502 

1,740 

1,838 

1.415 

1,130 

1,119 

1,359 

2,233 

Percentage abnormal sperma- 
tozoa. 

n.a 

3-0 

2 -6 

3-0 

2-4 

3-5 

9-0 

17-1 

: ;5.2. 

2-8 

8-9 

7-2 

7-2 

4-7 

4-3 

7-1 

4-1 

7-3 

3-9 

.5-0 

■ 7-7 

6-9 

6*8 

10-3 


Y, C, “sThiu «r«amy 8 

'I’h. C*.-“'rhii}k creamy 
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Seasonal variations in average ‘ reaction-time ’ a7id semen characteristics 
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Average monthly variations in ‘reaction-time’ and in. semen charactoristies 
are presented in fig, I. From the figure it will l)e seen tha/t the om-ve, for 'reaction- 
time’ did not show any definite monthly variation, fJiij’v'e for voliinu*, hIiowimI 
a tendency to follow those for spc)*m ooncmitration and total nnmbe.j' of apernia,- 
tozoa. Carves for initial motility and joH did not show wide monthly lliioiauitionK, 
There is, however, an indication that the average pH wa,s liigh during iJn.'. second 
year than d.uring the first year. The curves for spe^m eanoentra.tioii a,n,d the i.otai 
number of spermatozoa are more or leas of the saine type, allowing a definii;o monthly 
variation. There was a gradual decrease in both of these characteristics fj'om .April 
to September after which there was a progressive increase. During the sficond year, 
as opposed to pH of semen, both of these characteristics were low in comparison 
with the first year. The curve for abnormal spermatozoa has two peak points in 
the first year, one in January and the other in August, and in the second year, on.f‘. 
in September and tlie other in December. Tlie high percentage of abnormal sperma- 
tozoa in August and Seiitembcr was due to preponderance of tailless spernuitozoa, 
whereas in December and January it was duo to bent, tail ones. 

For the purpose of studying the effect of seasons on ‘reaction-time’ and seineii 
quality the local seasons were distinguished as follows : 


August to October Autumn 

November to January . , Winter* 

February to April 

May to July . Bummer 


Average ‘reaction-time’ and oharac'.teristios of semen of tli<i rams in different seaons 
are presented in Table II. Perusal of the lalile reveals no relstionship between 
the ‘reaction-time’ and the quality of semen produced in different seasons. ‘I'liero 
was not much difference in the average ‘reactioii-tiine’ between autumn and spring ; 
but judged by all the attributes of semen studied, the qualii;}^ of semen in autumn 
was decidedly inferior to that in. spring. Fere.eutage of alinormal spermatozoa 
in autumn and winter was comparatively higher tlia.n in other two seasons. This 
was because in autumn and winter laige numl.iers of tailless end bent-tail sperma- 
tozoa respectively were found in the ejaculates. 

Mukherjee and Bhattacharya [11)-17] who studied the seasonal variations in 
semen and blood qualities of bulls during tlie sanu? period, \\*hen this experiment 
was conducted, found that relative Innuidity and rainfidl weie liigbest in autumn 
and lowest in spring. Average air temperature in autiinni was almost as higli 
as in summer. Air tempera (■lire in spring was moderate. It seems, therefore, 
that when air temperature was moderate with soanfy rainfall and I(.)west humidila'- 
as in spring the semen quality of rams improved. Winu'eas, in aid.iimii when the 
air temperature was very liigh witli high humidity and rainfall the semen qiialil v 
deteriorated. 

The data on reaction-time’ and on semen charactcristicis a’cn’e siilqected i.o 
analysis of variance. The summaiy of the results of iinalysis art^ i>resented in 
Table HI. ^ The table shows that in 'reaction-time’ find in all charaoteristics of 
semen studied (except in initial motility of spermatozoa) tbei'e was higbiy significaufi 
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Table III 

Bimnmry of iJm remit of aml/y sis of data on ^ remtion-time ' and sancn Glumoteristics 

of rams ' 


Source of valuation 


Eacbji’H for analysis 

Between 

Animals 

Between 

Years 

Between 

seasons 

Interaction 

betw'eon 

seasons 

and 

yeai.s 

Between 

months 

within 

seasons 

Eeacfcion-trimo 

1 . ' ■ 


y 


1 ■''» .. \v 

Volumo of sonien | 


' ° 




luibial moiilil.y of spurmufn/.oai 


» ■ ■ ■ i 


-i:* 

1 

■pH of semen 


:l!!? 



!l!;H ■ 

Sperm ooncentratif^n 




■ 

... 

Total number of .spornuifcozoa 





. 4!!l! 

Percentage of abnormal sper- 
matozoa per ejaonlale. 







** Signilioaiit at one per cent level. 
° Not significant. 


variation among ra.m.s. Between tlie two expemnental ycar^^ 194546 and 1946-47, 
tlie variations observed in ‘reaction-time’, pH of semen, sperm concentration and 
total number of spermatozoa were bigbly significant, wbereas tJie variations observed 
in volume of semen, initial motility and percentage of abnor mal spermatozoa were due 
to cbance and not real Variations between seasons and due to interaction between 
seasons and years w'ere liigldy significant in ail the characteristics of semen. Between 
monldis within seasons highly significant variations were found in initial motiiihy, 
sperm concentration, total number of spermatozoa and percentage of abnormal 
spermatozoa . 

To I'cst the di-fferenccK between rams, between years and between seasons witJi 
regard to tb(‘ ^-ariable semen characteristics as presented in Table HI, critical 
difiereiice (C.’D.) at five per cent level of the variable charaoteristic.s have been 
worked out and are presented in Table IV to VI. The average figure shown 
nuder the same bar in these tables did not vary at five per cent level. 
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Table IV 

Qfitiml difference at 5 per cent level of probability in ‘ reaction-time '' ami- mmahk 
semen cJiaracteristics mmng rams 


Variable eharaoterlstlcs 


Volunip orpcmen 


Sperm concentration 


Total number of apermato- 


Percoiitago^ of alnionual 
spermatozoa. 


Value 
of 
0. B. 


Averages of the rams are arranged in aRcending ord cr. 



47 

30 

46 

40 

74 

65 

3 

67 

11-0 

ai*i) 

(17-3) 

(18*9) 

(20*9) 

{25-0) 

(36*3) 

(38*1) 

{38-0) ^ 











80 

46 

49 

3 

66 

67 

74 

47 

0-12 

(0-87) 

(0>62) 

(0*64) 

(0*56) 

{0*08) 

(0*63)^ 

(0*72) 

(O-Tr,) 


47 

2'' 

40 

65 

46 

3 

67 

74 

0*08 

(6-08) 

(6-20) 

(6*21) 

(6*26) 

(6*29) 

(6*32) 

(6-34) 

(6-41) 







. 


^ , 


503 

SO 

67 

74 

3 

65 

46 

27 

49 


a.795) 

(1,880) 

(1,971) 

(2,120) 

(2,417) 

(2,472) 

(2,747) 

(2,896) 


30 

3 

67 

46 

74' 

49 

65 

27 

613 

_ (667) 

(1,182) 

(1,190) 

(1,346) 

(1,468) 

(1,669) 

(1,764) 

(2,229)^ 


65 67 47 74 


46 30 40 3 


(4-G) (4>8) (5-0) (5-1) (5-4) (6-0) (O'S) (6>II) (O-O) 


Table V 


Cfiliml difference at five per cent level of probability between years 


Variable oharaetoristies 

Value of 

C. D. at 

5 per cent 
level 

Tbo averages of the years 
are arranged in ascending 
order 

Eeaotlon-timo 

3*6 

1946-47 

(22*7) 

1946-46 
^ (36*6) ^ 

pH of semen 

0*03 

1946-46 

(6*2) 

1946-47 
(8-4) _ 

Sperm oonocntration 

237 

1946-47 
^ (2,462) ^ 

1945-46 

(2,987) 

Total number of spermatozoa 

289 

1948-47 

^(1,699)^ 

1946-46 

(2,016) 
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Table VI 

Critical difference of variable semen characieristdos at 5 'per eeiU lecel <>]' probtihilily 
hekoeen seasons 


V.iriable characteristics of 
semen 

Value of 
C.D. 

Averages of the seasons are arrariged 
order 

in ascending 

Volume of semen 

0-07 

Autumn 

(0-65) 

Winter 

(0-57) 

Summer 

(0-62) 

Spring 

(0'69) 







Initial motOity 

0-09 

‘ Winter 
(4-62) 

Autumn 

(4-66) 

Spring 

(4-78) 

Summer 

(4-89) 

jjH of semen 

0-04- 

Winter 

J6.2) 

Spring 

(6.2)^ 

Autumn 
(6-3) ^ 

Summer 
(6-4) _ 

Sperm concentration 

335 

Autumn 

(1,872) 

Summer 

(2,787) 

Winter 

(3,142) 

Spring 

(3,497) 

Total number of spermatozoa 

408 

Autumn 

(1,148) 

Summer 

(1,617) 

Winter 

(1,892) 

Spring 
^ (2,673) 

Percentage of abno3.'mal sper- 
matozoa 

1-58 

Spring 

(4.11) 

Summer 

(6-03) 

Autumn 

(7-46) 

Winter 

(7-81) 




Table IV shows O.D, at live per cent level of the variable characteristics between 
rams. This table further shows that the ’'reaction-time’ of rams did not bear an}- 
relationship with the quality of semen produced by them. The quality of semen 
of rams under the same bar Avhich did not show significant variation in their average 
‘reaction- time’ varied considerably. For instance, the quality of semen (as judged 
by sperm concentration and total number of spermatozoa) of ram 17, whose ‘reaction- 
time’ did not vary significantly from rams 30, 46 and 40, Avas significantly superior 
to that of these animals. Earn 74 had the average ‘reaction- tim.e’ significantly 
less than rams 3 and 67, but the average sperm concentration and total number 
of spermatozoa of these rams did not vary significantly. Ram 27, Avhose average 
‘reaction-time’ was significantly more than that of the rest of the rams, had average 
sperm concentration and total number of spermatozoa loAver than only ram 47. 

Volume of semen of ram 30 was lower than of all other rams. Rams 46, 49 
and 3 had significantly loAver semen volume than rams 74, 47 and 27. Rams 65 
and 67 had lower semen volume than rams 47 and 27. The rest of the rams did not 
vary significantly among themselves. 

Average pH of semen of ram 47 was significantly loAver than of the rest of the 
animals. It is also evident from the table that the aA^erage sx:)erm concentration 
and total number of spermatozoa of ram 47 were significantly higher than those of 
the rest of the rams. Semen of ram 27 had significantly lower pH than of rams 46, 
3, 67, 74 and 30. Its average sperm concentration was higher than of these animals 
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except rani. 16 with, which it did not difthr aigiiilicantly, Sin],ila].'l, 3 '' nun, 16, whudi 
had significantly lower pH than rams ii, 67, 74 and 30, had significant j^’' higlun: avc.ragf; 
sperm com^cntratiou than all these rains. It is iipparcnt, th(.n:cib,rc, ihai; low pl.l. 
of aeni,en in rams was associated with higher speriu concentnition and 'W/! rny.svf. 

As has been stated before, total number of spermatozoa per cja,cu.iatt^ w.'is olitaiius 1 
by multiplying total volume of semen and the sperm concentration per unit volunu^. 
It was expected, therefore, that in rams with higher total volume and sperm con- 
centration the total nundier of spermatozoa will be higher. This was found to he 
true in the case o(; ram 47, which had a higher volume of semen than all other rams 
excepting ram 27 and also had the highest sperm concentration and total number 
of spermatozoa. Rams 27, 47 and 74 did not significantly vary in their lotal 
volume of semen. Put as there was significant variation in their sperm concentra- 
tion their total number of sjiermatozoa also significantly varied. Jlains 40, 1.6 
and 65 did not significantly vary in their total number of spermatozoa.. IMiis was 
because there was neither significant variatif)n in their total volume uf semeu nor 
in their sperm concentration. Kams 30, 3 and 67 did not vary in i-lufir total niimlxT 
of spermatozoa although tliere was significant variation in semeu \'olume, between 
ram 30 and the other two. This might be due to small range of va-riation bclvween 
these rams in their sperm concentration. As re.gards tlie pe.rce.nta.ge of abnormal 
spermatozoa the table shows that ram 3 difi'ererl significantly b’om the resf, of tlu^ 
animals. 

Critical difiereuce of variable iacl;o.r.s betweeii ycar.s is presented in I!*able, V. 
From, the table it is apparent that during tlu'. second year the rams took, signifit'-aiitlv 
lesser time to mount an anoestrous ewe as shown Ijy the 'reaction-timek Tht^ 
tpiality of semen during the secoTid year (!et(M:iorated as is evi(.ient Iroin Idgiier pB, 
lower speiMU concentration and the total nmnber of spermatzoa tha.n in tlie first, 
year. The decrease in the average ‘reaction- lime' in the second yea.r might be due 
to the fact that the trained rams after a few months of s(aucn coUoc.tion at a ■|)articula.i‘ 
place became so familiar with the place tlml. as soon as they were In’ougjit to the. 
place and near an ewe they anticipated ser\'ice and tlicj'ofore took: lt.'sse,r tinuj to 
ejaculate semen in artificial vagina than in th.e initial stage of tlic tixperiment. 
No satisfactory explanation for the deteriorat ion in semen <|iiality during the second 
year of the experiment seejns possible unless the various contributoj'y find-ors For 
semen production arc studied in detail, .iVlnkherjee and Uliattaeliarya, [H't.17’1 a1s(.» 
observed deterioration in semeu quality of kmlls a.s shown by higher p/{ ajxd lowei' 
initial .motility in the second year of their ox j'x'.riment. 

Critical difi’erence of the variable semeu characteristics b{dwe,(.‘n seasons iuis 
been presented in Table VI. Ifrom the tab](i it is evident that the avei'agc volume, 
of semen in autumn and winter was significantly lower than in ,spj-ing. Initia,! 
motility in winter and autumn was lower than in spring and suinme.r. Average pH 
of semen during winter and spring was significantly loW(.'.r than in !m(-umn and 
summer. In autumn sperm concentration and total number of spiu’matozoa wu’<^ 
lower than in other seasons. In autumn and winter the percentagci oi' a.bnoritiai 
spermatozoa was higher than in spring and summer. This svas due to the appearama- 
of increased numbers of tailless spermatozoa in autumn and ‘lient tail’ spermatozoa, 
in winter in the ejacuktes. Ihom the table it is evident that the semen <|uaiitv^ 
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ill I'diiiH, judged by -pH, sperm, concentration and the total nmnber of spermatozoa, 
deteriorated in antumn and im])rove.d in spring. 

'PrSClTSSION 

Remtioh-lime. IMie study of d'eaction-tiuie’ was uiK.lertaken with a view to 
det ermine if there was any correlation between , sex vigour of the animai and it.s 
fertility. Eesult obtained in this experiment showed tliat sex vigour and sperm 
production were quite independent of each other. From the records of individual 
rams it has been found that rams with high, sex vigour were not necessarily good 
semen producers, .Further, it luxs been found that seasons did not greatly influenocb 
the sexual behaviour of rams a,s they did the spei.'in xiroduction. These results 
agree with, those of McKenzie and Berliner [1937] with rams, Anderson [1939] and 
Mukherjee and Bhattacharya [1947] with bulls. 

Tolmne. Volume of semen vras found to be variable among rams and during 
the seasons. Phillips at al. [1943, b] also found significant variation among rams 
but the}' did not find significant variation between seasons, McKenzie and Berliner 
[1937] observed that volume of semen in rams decreased during the periods of high 
environmental temp(U‘atiire. Tliis observation is in agreement with the results 
obtained in the present experiment. Under the same climatic conditions in whicli 
experiment was performed, Muldierjee and Bhattacharya [1947] observed no such 
seasonal \''ariation in volume of bull semen. It is apparent, therefore, that the 
decrease in semen, volume in rams during the periods of high temperature associated 
with high humidity and rainfall might be due to tlie reason that rams are more 
susceptible to climatic stress than the bulls. 

Motility. Motility rating was determined in this experiment by direct micro- 
scopical examination. Obviously this method of estimation not only depends on 
motility of spermatozoa but on sperm concentration as well. This might be the 
reason why in autumn when the sperm concentration was lower than in spring the 
initial motility was also found to be lower. There was no direct proportional increase 
in initial motility with the increase in sperm concentration during the different 
seasons. Had it been so, in winter and autumn when there was''hio significant 
variation in initial motility there should have been no variation in sjierm concentra- 
tion as well. But the result indicated that in autumn sperm concentration was 
significantly lower than in the rest of the seasons. Again in summer initial motility 
was significantly higher than in spring but sperm concentration showed just the 
reverse trend. Initial motility rating as has been done in this experiment is the 
most eniperioal method of evaluating semen quality. At best it can indicate a good 
.sanrple from a bad sample. Grading of fairly good samples b}^ this method alone 
is almost impossible. This might be the reason why, although there was highl)- 
significant variation in sperm concentration among rams and between years, initial 
motility failed, to show any significant variation either among rams or between years. 
Pliillijis et al. [1943, b] obtained significant variation between rams within breed 
as well as bet\veeii seasons which is in disagreement with the result of the present 
investigation. Oui- result is, however,, in agreement with what ha.s been reported 
try Pliillips and Ids co-workers [1943, a] in bulls. 

liytlerogenion mmentmtion, From the records of individual animals it has 
been found that semen samples with higher jiB. value were usually poorer 
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in sperm concentration. McKenzie and Berliner [1937] also found tliad 
normal ejaculates of rams with, sperm concentration higher than 100(.l millions 
per c.c. were usually acidic and sometimes gave a value as low as 5-9 and 
never above 7-3. Oomstook and Brady [1937] gave the pH of norma,!, semen 
of ram a.s 6-9 and abnormal as over 7*0, Terril, [1937] observed that ejaculates 
giving an acid reaction to litmus were definitely superior to tliosc giving 
an alkaline reaction. In the present investigation, although it has boon found tliat 
rams with higher pH of semen had lower sperm concentration, the correlation was 
not directly proportional. Determination of pH in semen has been recogniBed 
by various workers on semenology as one of the methods of evaluating semen quality 
as it indirect!}’ gives an indication of sperm concentration in semen. Higher pH 
of semen .in generally associated with lower sperm concentration and vice versa. 
This was found to be true between years and between seasons. In autumn and 
summer when the air temperature was higher than in winter and spring Idxe pH 
value of semen was higher associated with lower sperm concentration. This observa- 
tion is confirmatory to the results obtained by McKenzie and Berliner [1937] in 
rams under heat treatment. They observed that semen in rams under heat treat- 
ment became more and more alkaline. Grunn and his co-workers [1942] also observed 
that semen of rams whose tests were subject to scrotal insulation always became 
aUcaline. 

Sferm concentration, Result of analysis of data on sperm concentration showed 
that it was highly variable among rams between years and among seasons. Highly 
significant variation between rams within breeds and between seasons have also 
been observed by Phillips ct ai [1943]. They found the higliest sperm concentration 
in winter and lowest in fall. McKenzie and Berliner [1037] observed a low level 
of sperm concentration in the Shorpshire during August and September and a sudden 
increase in October, which lasted till December. In this experiment highest sperm 
concentration was observed in spring and lowest in autumn. This result i.s in 
complete agreement with that obtained in bulls by Muldierjee and Bliattacharya 
[1947]. Berliner and Werbritton [1937] made histological studies of the organs 
and glands of tlie rams which were used in the experiment of McKenzie and Berliner 
[1937]. They also made histologdcal studies of organs and glands of thyroideoto- 
mised rams and rams treated with thyroxine and gonadotrophins. Their result,s 
indicated that the change in level of thyroid secretion due to high environmental 
temperature might be the cause of lowered fertility in rams. Bogart and Mayer 
[1946] found that thyroid^ is of major importance in the reproductive physioiogv 
of the rams and that environmental temperatures produce variations in rams in- 
directly through the thyroid gland. High environmental temperatures produce 
variations in rams indirectly through the thyroid gland. High environment, al 
temperature ciecrease thyroid secretion and consequently decrease the spermato- 
genesis. 

Total nimher of spermatozoa. The result of analysis of the data on total 
number of spermatozoa showed that autumn w^as the worst season and spring 
the best season for total number of spermatozoa. In winter and siimm,er 
there was no significant va,riat.ion. This result dift'ers from the observation of 
McKenzie and Berliner [1937] and Phillips et al [1943, b]. According to McKcmzie 
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and Berliner a distinct increase in total number of spermatozoa was observed from 
October to January in Sliorpsbire and August to November in Hampshire. According 
to Phillips and his associates, total spermatozoa was highest in winter and lowest 
ill fall. Both the above groups of workers found spring to be the second be,st season. 

Abnormal spermatozoa. The result obtained in this respect show that ram ^ 
varied significantly from the rest of the rams. Eegarding the effect of seasons, 
it was found that in autumn and spring the average percentage of abnormal sper- 
matozoa was significantly more than in spring and summer. It has been stated 
before that in autumn the tailless spermatozoa and in winter the bent-tail ones were 
more than in other seasons. Autumn was marked for its high temperature, humidity 
and rainfall. During this season the semen quality was also poorer than in other 
seasons. Phillips and McKenzie [1934] observed that there was a marked increase 
in the xiroduction of abnormal spermatozoa following heat treatment of rams and 
within three weeks practically no spermatozoa were present, McKenzie and Berliner 
[1937] also found that heat applied to scrotum either experimentally or by local 
inflammation decreased spermatogenesis and increased abnormal si)ermatozoa. 
The predominance of tailless spermatozoa in autumn as found ip this experiment 
might be due to high environmental temperature. The increase in the jpercentage 
of tail abnormalities in winter as observed in this experiment was also reported in 
bulls and rams by Phillips et al. [1943, a and 1043 b]. But they did not mention 
the types of the tail abnormalities. This experiment showed that the predominant 
tail abnormality in winter was the bent-tail one. Mukherjee and Bhattacharya 
[1947] also observed the increase in bent-tail spermatozoa in the ejaculates of bulls 
in winter. They have further shown that the bent-tail spermatozoa in the ejaculates 
of farm animals are really immature ones and have suggested that in winter, when 
the rate of spermatogenesis was comparatively higher than in autumn, more of 
immature spermatozoa like bent-tail ones wexe carried along with normal spermatozoa 
in the male reproductive tract before they came to ampullae for fi.nal ejectment. 

Summary 

Seasonal variation in ‘reaction-time’ and semen characteristics of nine rams 
were studied for two consecutive years. 

Highly significant variation was observed among rams in average ‘reaction-time’ 
aind all attributes of semen studied except in the initial motility. 

‘Beaction-time’ did not show any definite seasonal trend and bore no relationship 
with the quality of semen produced. 

Between years highly significant variations were found in ‘reaction-time’, pH 
of semen, sperm concentration and total number of spermatozoa. 

Between seasons highly significant variations were -found in all* characterisitcs 
of semen except in ‘reaction-time’. The semen quality in autumn was poorer than 
in other seasons. Spring was found to be the best season for semen quality. 

Between months within seasons highly sigifioant variation was found in intial 
motility of spermatozoa, sperm concentration, total number of spermatozoa and 
percentage of abnormal spermatozoa. 
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COMPOSITION OF MILK OF INDIAN ANIMALS 

III.™ FREEZING POINT, LACTOSE AND CHLORIDE CONTENT OF MILK 
SAMPLES FROM DIFFERENT FARMS IN INDIA 

By Noshir N. Dastur, C. S. Dharmarajan and R. Venkateswara Rao, Indian 
Dairy Researcli Institute, Bangalore 

( Beeeived for publication on 23 May 1951 ) 

I N a previous communication [DEarmarajan, Venkateswara Rao, Menon and 
Dastur, 1950], results of analysis of nearly 1,300 samples of milk produced at 
tke Indian Dairy Research Institute, Bangalore, from herd and individual animals 
were discussed. It was shown that the average value for the freezing point of cow 
and buffalo milk was identical, uis.— 0*548°C. Over 96 per cent of the samples 
.studied showed a freezing point depression greater than 0-530°C. and hence thi.s 
value was recommended for use for legal purposes. Buffalo milk was found to be 
richer in lactose content than cow milk. The average value for lactose content 
of cow milk was 4*92 per cent, and of buffalo milk 5*26 per cent. On the other hand, 
cow milk contained a larger amount of chlorine than buffalo milk, the average values 
being 0*089 and 0*072 per cent, respectively. 

It was thought desirable to extend the study and compare the results with those 
of milk samples collected from other farms in India. All the samples were obtained 
from dairy farms in different parts of the country where animals were milked 
under strict supervision. 

Experimental 

For the collection of samples to be obtained from long distances a preservative 
had to be used . From a la.rge number of trails it was found that mercuric percliloride 
ill the concentration of 0*075 per cent was tbe most suitable preservative [Venlca- 
teswara Rao, Dastur and Dharmarajan, 1950]. The avarage increase in freezing 
point depression by the addition of mercuric perchloride in this concentration was 
0 * 02 ^ 0 . 

Samples were obtained in 300 ml. glass bottles closed with rubber stoppers. It 
was previously ascertained that rubber stoppers had no effect on the freezing point. 
A 4*5 jjer cent solution of mercuric perchloride in ethyl ether was prepared and 5 ml. 
of this added to each sample bottle. The ether was then removed "under suction. 
In, this way the addition of extraneous water was avoided. These bottles were 
despatched to the respective collecting centres with instructions to fill them up to the 
mark and send the samples as early as possible to Bangalore by post. A record 
was kept of the breed of animals from which samples were obtained, the number of 
animals in the herd and the number of days after which the sample, was analysed in 
the laboratory. 

Freezing point, lactose and. chlorine were determined by the methods already 
described in previous communication [Dharmarajan, et al., 1950], The appar-^nt 
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values for freezing point obtained were corrected by subtracting 0-02®C. Icom tlie 
observed values. Similarly, cblorine percenta.ge found waB eonvcted by tlit* auiouul 
contributed by the added preservative. In Tables I anil 1 1 , only ('orruotcd tigure.s 
are given. The average data for milk of diflbrent I'jreeds ol animals are, sum 
marised in Table III. 


Table I 

'Freezing point ^ lactose a^id chhfine in mw milk samples from, different farni^s va< 
India 
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Table l—~Gontd, 

Irmizvng poivi. ladoso mid olilorim in gow milh mm'pias pom iliffereut Jar-ma In 
India — coiitd. 


.Sampie 
numb or 

Pifioc of uriyriii 

liroed 

Xumber of 
atiiiiials . 
in the 
herd 

Sniujdes 
:malysed 
after clays 

FrceKiiiy 
rioint 
— "C. 

Lactose? 

moncjhy- 

di-atc 

Oer cent 

CMurim: 
jior cent 

32 

Jullundar 

Crossbred 

0 

10 

0*553 



33 



.S' 

.10 

0-550 



3'i 

Ivasiuili 


1 

'7 

0-660 

5-34 

0-070 

35 



■1 

<} 

0-558 

4-80 

0-101 

36 



1 

7- 

0-540 

4-48 


37 



2' 

24 

0-550 

4-78 

0-123 

38 



21 

24 

0-551 

5-38 

0-085 

30 



4 

24 

0-545 

, ' 5-23 

O-OSS 

40 

» . ■ 


s 

24 

0-531 

5-21 

: (J-08S 

4.1 

■' » 


3 

24 

0-525 

5-10 

0-075 

42 

Mysore 

„ 

3 

■3 

0-530 

4-71 

0-121 

43 



1 

3 

0-540 

r)'53 

0-074 

44 



1 

3 

0-546 

5-34 

. 0-116 

46 

Sifilkot 


24 

11 

. 0-545 

4-78 

0-007 

46 



IS 

. 7 

0-550 

5-38 

O-OSl 

4.7 



5 

S 

0-540 

5-37 

o-ooo 

48 



0 

S 

11-545 

5-22 

0-000 

■I:i) 



10 

s 

0-552 

5-21 

0-079 

50 




12 

0-550 

5-36 

0-076 

51 



8 

10 

0-5-tO 

5-22 

0-074 


Aiwm’ 




0-5-14 

5-14 

0-084 

52 

Wardlia 

(iiiolao 

12 

16 

0-548 

5-52 

0-058 

58 



13 

15 

0-544 

5-53 

0-064 

">4 


„ 

14 

6 

' 0-540 

5-45 

O-flOi 

55 



10 

' 10 

fl-570 

5-44 

0-050 


Am-aqc 




0-651 

5-40 

0-058 

56 

Boi-nbay 

Qir 

12 

7 

(1:544 

5-51 

0-075 

57 



108 

3 

0-560 



58 



109 

2 

0-531 

4-46 

0-104 

50 



234 

G 

0-535 

4-70 

0-109 

60 



271 

14 

0-535 

• 5-22 

0-()7(i 

61 



400 

(■> 

0-550 

5-51 

0-050 


Avemue 




0-541 

5-00 

0-083 

62 

H'osur 

Hallikar 


4 

0-574 

5-18 

0-082 

03 

” 


2 

4 

0-546 

5-67 

0-058 

64 


■ 

2j 

4 

0-540 

5-38 

O'fJOO 
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Table I — contd. 

Fimzmg point, lactose and eUmim in cow milk samples from, differcml farms in 
India — contd. 


Stimjile 

number 

Place of origin 

Breed 

Number of 
auimals 
in the 
Uerd 

Bainploti 
analysed 
after days 

Kreezim* 

point 

.[.aetuse 
inniiohy- 
dnO.e 
[)ei- eeiil. 

Cldorini. 

Pl-V CIMlI.: 

65 

Hciaur 

HaUikar 

15 

3 

(l•5;5!l 

5-22 

0-080 

60 



17 

4 

O-oSO 

5-5:{ 

O-.l'. I 

67 

» 


11 

4 

0-552 

5-98 

0-043 

08 


■ „ ' ■ 

17 

4 

0-540 

5-59 

0-055 

60 


„ 

14 

4 

O' 548 

5-53 

0-05.. 

70 


» . 

10 

2 

0-542 



71 



s 

2 

0-54(,) 


0•0(t0 

7^ 

„ 


12 

11 

0-570 

5-:.2 

0-064 

7ii 



16 

4 

0-540 

5-;i7 

0-U(i6 

74 


” 

9 

5 

0-550 



75 



7 

8 

0-545 


l)-06:! 

70 


» 

9 

7 

, 0-552 

5-37 

0-067 

77 



10 

3 

0-540 

, 5-37' 

0*06-1 

7S 


’’ 

11 

3 

0-550 

,5- 53 

0-061 

79 



7 . 

4 

0-.550 

5-68 

0-(.lii( 

80 

,, 


11 

4 

0-548 

r.-o; 

0-05V 

" SI 

■ '■"» ■ 



. ,■ 2 

0-57.9 

5-,S! 

0-061 

■ 82 

Mysore 


1 

■„ 3 

11-535 

5-31 

0-054 

83 



1 

■' 8 

0-548 

5-60 

0-06:! 


Average 




0-5441 

5-53 

o-oo-j 

84 

CiUica 

ITariaiiu 

JO 


(1-5S.1 

5-51 

0-062 

/S5.. I 


■» 


10 

0-547: 

5-51 

(1-062 

80 ■ 

Luokuow 


1(5 i 

20 

0-547 

4-7;i 

0-095 

87 

Agra 


; ... ' ' ■ '* 

8 ; 

0-545 

5-07 

0-0S7 

’ 88 1 



.■ <1! 

10 

0-560 

5-06 

(>■09;. 


Average 




0•54» 

5- IS 

O-OiSO 

■ ■ 80 ' 1 

Hissnr 

Hissar 

;50 


O-GOO 

5-21 

0-072 

00 1 

; » 

» ■ : 

50 

7 ■ 

0-555 

5- 1 1 

o-O-so 


Average 




0-54;! 

5-1(1 

0-076 

91 ! 

BoRur 

Iviingas’-ani 


4 

0-560 

5.35 

(1-073 

Voa ! 

■' ■ ’> ■ , 

■ . ■ 

20 

4 

0-538 

5-36 

11-057 

98 


■ '■ 

' .■■■25 

■.' '" '1- 

0-52H 


0-0;.5 

94 ' 


■ .... ■ ■■■ 

■ ■ 24 

8 

o-5:iO 

5-46 

0-06;> 

95 


■■ -.i 

■ 25 

' 4 

(1-542 : 

5-82 

l»-057 

9(5 ; 


■ ... ■ , 

25 

4 j 

()-r>42 

5-32 ' 

0-065 



■” ■ . 

“1 

. 4 1 

0-530 

«| 

0-059 
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Table 1 —contd. 



(*?'iiini)les were received under this designation though there is no officially recognised breed of this name.) 
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Tablk l—"Contd. 

Fmzinij ■pouU, kidoi^c and ohlorim in eow milk J)vnt, didJcrcnt ^ 

India — coufcil. 


Saiiuile 

iixtniber 

l'la(!e of oripsiu 

Dn-ed 

Number of 
iiuimale 
in the 
herd 

Siuiiples 
luiulyBed 
after days 

Ji’wu'ziuf' 

:l.^lhlt 

—'■'13 

Ijiietoee 
iniuinhy- 
ill'a.te ^ 

I'liluriiii' 
pel- eeiil 

i;i2 

Delhi 

.Saliiwai 

40 

5 

0-530 

5-56 

0-008 

138 



53 

5 

0-583 

i>51 

0-(l(i7 

134 



'58 

!) 

0-542 

5-30 

0-006 

135 

■ ■■ „ ■ 



10 

0-530 

5-28 

0-008 

136 


„ 

67 

17 

(V644 

5-39 

0-055 

137 



75 

I) 

0-540 

5-52 

O-06>: 

1,38 

„ 


73 

s 

0-550 

;.-0e 

O-OO 1 

13$> 

„ 


70 

10 

0-554 

4-62 

o-iMi,; 

140 


„ 

71 

11 

0-551i 

4-99 

0-006 

Ml 

.hillmiiliir 


1 

7 

0-551 

..-..0 

o*ni 

142 



1 

10 

0-375 



148 

I'eimoi'ore 


12 

6 

0-5-28 


ll-IOlS 

144 

Telankheii. Al.l». 


24, 

4 

0-54 1 

5-07 

0-108 

145 



24 

3 

0-513 

5 -or 

0-083 

146 



31 

7 

0-555 

•i-88 

O»08O 

147 

Koratlih, M.l'. 


19 

29 

o-5:;5 


.. 

148 


„ 

18 

21 

0-542 

5-06 

0•(I78 

149 



17 

20 

0-553 

5-22 

0-07-4 

150 

n 



4 

0*553 




Armiji’r 




0-545 

: ■ ' 5-22 

0-01 ti 

151 

AllaUaliatl 

lli'U Shuliii 

I 25 

10 

0-540 

i 4-04 

0-084 

152 



■ . ^ 30 

() 

0-527 

5-24 

0-000 

153 


„ ■ 

85 

5 

0-535 

5-22 

0-000 

154 

:■ : . ■ „ . 


oO 1 

6 

0-545 



V, 153 


■ » 

27 

0 

0-535 

5-34 

O-06( 

130 

: nosiie 



4, 

0-554 

■(■80 

0-099 

-riST: 



40 

4: 

0-535 

5-31 

0-06? 

15S 



38 

4 

0-530 

5-22 

0-001 

159 



33 

4 

0-537 

5- 19 

o-oos 

160 



37 

•1 

0-540 

5-38 

0-004 

JOi 



36 

2. 

0-5(K! 

5-00 

O-OOl 

162 



43 

4 

0-5G3 

5-;:6 

0-000 

163 



43 


0-535 



164 



to 

8 

0-537 

5-22 

(i-oV? 

165 



40 

i 7 

0-545 

5-30 

11*001 

166 



40 

6 

0-530 

5-:;6 

0*0110 
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Tabus l~^G07icld. 

h'i-e(‘Z‘in() poi.iil, laclofie and ohlonfic in oom niUh mmplen fron/, different fannn in- 
India—imiokL 


Sample 

number 

Pluee of or jfjin 

Dreed 

N'limber of 
animal 
in the 
iiei-il 

.Samples 
analysed 
after days 

freezing 

point 

—“0 

Lac Jose 
nionohy- 
drato 
jiei- cent 

Chlorim.- 
per cent 

1(17 

Hoaur 

Ited iSindlii 

-10 

■ 5 

O-OIO 

.-,-22 

0-064 

JUS 



39 

4 

0-5GU 

■''.;5-37 

0-060 

lOii 



30 

.1- 

0-520 

5-30 

0-00,5 

170 

Karar-.iii 


\Uout on 

1 1. 



n.m-.r. 




■ „ 

8 

0-540 

1-70 

O-0.H7 

172 




9 

(l-'.iiO 

5-2;; 

U'OO.'y 

173 




10 

o-r.oo 


0-050 

17-1 

- 


... 

7 

0-570 

5-3S 

, 0-0.58 

175 




9 

0-545 

, 5-3<l 

0-059 

17t) 




11 

(1-505 

5-OC. 

0-060 

J77 



... 

7 

i)*5rj4 

0-15 

O-O.'il 

17S 

Poona 


3 

8, 

0-537 

5-21 

0-07-4 

J79 

.. ■. ■' 


8 

7 

0-550 

5-08 

0-094 

ISO 



•1 

(! 

0-530 

5-08 

• 0-081 

181 



1 

7 

0-535 

■4-70 

0-073 

182 



3 


0-560 

5-36 

0-070 

13!) 



4 

7 

0-540 

4-60 

0-096 

■JS4 



a 

0 

0-530 



185 



4 

5 

0-546 

5.-11 

0-061 

180 



3 

0 

0-552 

4-82 

0-071 

187 



4 

5 

O-r.Gl 

5-11 

O-OGl 


Average 




0-543 

5-20 

O-OCS 

188 

Karavai 

Tharparkar 


11 

0-540 

5-18 

0.050 

180 




9 

0-558 

5-83 

0.050 

100 




; 11 

0-5GC 

5-37 

0-078 

101 




7 

0-501 

5-37 

0-065 

102 




9 

0-556 

5-30 

0-060 

193 


» 


11 

0-5G6 

5-51 

0-061 

19-1 




15 

0-548 

4-6-2 

0-003 

, 105 


„ 


7 

0-545 

5-08 

U-032 

196 

Karnal 


20 

9 

0-5.38 

5-45 

0-0,15 

197 



20 

0 

0-550 

5-37 

0-062 

1!)S 

„ 


I'i- 

10 

0-550 



199 



18 

G 

0-542 

5-51 

O-OGl 

200 



20 

G 

0-544 

5-28 

U-0.50 

201 



18 

7 

0-548 

5-20 

0-061 

202 



20 

5 

0-531 

.5-49 

0-063 


A veraae 




0-540 

5-83 

0-062 

.1 1'ej'ttfCi? for all eow milk samples 



0-545 

r.-27 

0-072 
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Table II— cowM. 

Freezing ■point lactose and eMorim in Buffalo milk samples from different farms in 
India—contd. 


Samiile 

liunibtT 

Place of origin Breed 

Number of 
animals 
in the 
herd 

Samples 

jyialysed 

after 

days 

Freezing 
point 
— "C. 

Lactose 
Monohy- 
drate 
per cent 

Ghl'jrine 

per 

cent 

35 

Poona Surti 

3 

5. ■ 

0-558 

5-34 

0-064 

36 


/ 4 

6 

0-548 

5-34 

0-050 

37 


4 

5 

0-548 

4-68 

0-003 


A veraife 



0-546 

5-43 

0-060 

Average for all buffalo mills samples j 



0-544 

.. 5-47 

0-060 


Table III 

Summary of results for freezing point, lactose and chlorine of milk samples from different 
farms in India 


Breed | 

Number of 
samples 
examined 

Freezing 
point 
— °C. 

Lactose 
monoby- 
drate 
per cent 

Chlorine 
per cent 

Lactose 

chlorine 

number 






Cow milk samples 


Cross bred 

42 

0-544 

5-14 

0-084 

6-27 

Gaolao 

4 

0-551 

5-49 

0-058 

6-27 

Gir 

6 

0-541 

5-09 

0-083 , 

6-21 

Hallikar 

22 . 

0-549 

5-53 

0-062 

6-37 

Hariana 

5 

0-546 

5-18 

0-080 

6-26 

Hissar 

2 

0-543 

6-16 

0-076 

6-19 

Kangayam 

18 

0-544 

5-41 

0-064 

6-38 

Katbiwadi 

23 

’ 0-542 

5-42 

0-068 

6-34 

Sahiwal 

19 

0-545 

0-22 

0-070 

6-25 

Red Sindhi 

37 

0-543 

5-20 

0-068 

6-12 

Tbarparkar 

lo 

0-549 

6-33 

0-061 

6-15 

Average for all cow milk 
samples. 

202 

0-545 

5-27 

•0-072 

6-34 


Buffalo milk samples 


Murrah 

22 

0-543 

5-50 

0-060 

6-31 

Nagpiiri 

4 

0-542 

6-39 

1 0-065 

i ' 

6-27 
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Table II 

'^rig poini^ Uictose and chlorine in buffalo milk samphfi from different fa r/hs 
India 


Number of 
jiuiriuils’ 
in the 
tierii 


Sumpltiji 

uiialysed 

after 

ibiys 


b'reeiiiiij' 

IKHIlt 


Breed 


Allahabad 


Murrah 


Dacca 


Husiur 


Madras 



i 
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Table U—contd. 

i samples Pom different farms in 

India — contd. 


iS.'iiiililt' 

numb Or 

J’laoe ol' origin 

Breed 

RumlMr of 
animals 
in the 
herd 

Samples 

q5,nalyscd 

aftifjr 

days 

Freezing 
lioinf 
— "C. 

Lacfose 
Montihy- 
(Ini.te 
per cent 

Ohlerijie 

per 

cent 

555 

Poona 

Surti 

3 

5 

o-sss 

5-34 

0-064 

36 



4 

6 

0-548 

5-34 

0-050 

37 

» 


4 

5 

0-f)48 

4-68 

0-063 


Ammge 




0-546 

5-43 

0-060 

Awrage for all bxiffalo mlJk samples j 



0-644 

. 5-47 

0-060 


Table III 

Snmmim/ hatose and eJlilonm of milk samples from different 

farms in India 


Breed 

Number of 
samples 
examined 

Freezing 

point 

—X'. 

Lactose 
monohy- 
drato 
per cent 

Chlorine 
per cent 

Lactose 

chlorine 

number 



Ctm milh mm-pUs 


Cross Bred 

42 

0-544 

5*14 

0*084 

6*27 

Claolao 

4 

0-551 

5*49 

0*058 

6*27 

Gir 

6 

0-541 

5-09 

0*083 

6*21 

llallikar 

22 . 

0*549 

5*53 

0*002 

6*37 

Hariana 

5 

0-546 

5*18 

0-()80 

6-26 

Hissar 

2 

0-543 

5*16 

0-076 

6*19 

Kangayam 

18 

0-544 

5-41 

0-064 

6*3S 

Kathiwadi 

22 

0-542 

5-42 

0-008 

6*S.| 

Saliiwal 

19 

0-5.15 

6*22 

0-076 

: 6*25 

Red Sindhi 

37 

0-643 

5*20 

0-068 

■ 6*12 

Tli.-u-parkar 

1-7 

0-549 

6-33 

0-061 

6*15 

Avrni(j(- tor all cow milk 
samples. 

292 

0-545 

5*27 

'0-072 

6*34 



BifJJalo milk smnphf) 



Murrah 

22 j 

0-543 

5*50 

0-000 

6*31 

Naginni 

4 j 

0-542 

5*39 

0*065 

627 


12 
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TABIiK III — 


.Summary of rrmidtsforjrveuny 'poinl, laakme and rhff>tui.t‘ <>j tufll: sioiijdfs Juan, 
differirntfafamm — coJiiAl. 


Breed | 

Numbor of 
samples 
examined 

Froo?.ing 

noint 

Liiebwe 
mou<di\- 
draie 
per font 

{.Ihloi'ine 
per f(uit 

fhturiuo 

nmui'or 

Siirti 

11 

0-S46 

543 


<5-24 

Avaraffe for all buffalo milk 
samples. 

37 

0-r>44 

547 

n-o«() 

... 


Discussion 

Altogether 202 cow and 37 buffalo milk Hamphs.s hav<! been analysed. As already 
indicated, these samples were all preserved with mercuric peudiioridt!. The iuierval 
between their ooUection and analysis vari<^d from 2 tu 31 days in cxtiHune ca.s<.’s. 
It was previously shown by Venkateswara Rao, Dastur and Dhannarajan [105OJ, 
that mercuric perchloride in the concentration of 0-075 per cent preserved the milk 
in a good condition for over a month without affecting thti value of the constants 
studied here. The present data give valuable information about the average com- 
position of genuine milk, especially when considered in conjuiudion with the results 
for fresh samples already described [Dhannarajan i4 (tl., 1950]. The avci-agc de- 
pression in freezing point of cow and buffalo milk samples varied bctwc.en 0-ni T’ to 
0*551°C., with an overall average of O-SIS^C. For milk samples njported in Fart 
I of the present series, the average freezing point depression was found to be 0*51d‘'U. 
Amongst the .samples examined in the study here only about 3 per cent showed 
freezing point depression of less than 0-530°C. As previously recommended, this 
value can therefore with advantage be adopted for estalilishing tluj purify of ijiarlict 
samples. 

A glance at the data for lactose content of milk of samples in Tables I and IT 
reveals that the values were higher than those obtaine<l for Baugaloui millv .sa-mplcH’ 
The average lactose per cent in the milk of different hi-ojds of cows varied {m-Iwoo!) 
5-09 and 5-53, with an overall average of 5-37. In contrast, mijk samples at l>angator <5 
h ad given an average of 4*92 per cent. The average for b u ffalo mil k was a!s< j .si igh t; !y 
higher than the previous results, namely, 5-47 per cent, compared to 5*25 ptn,* conb. 

Milk sarnples studied here have given noticeably low vahuis for chlorine contonf;. 
In the previous paper [Dharmarajan, et, ah, 1950] with herd milk sutnpliw collccf ful 
at Bangalore the chlorine content obtained was 0*089 jjor (jeut for cow mill; iuei 
0*066 per cent for buffalo milk. The average obtained in the pivseaf.. sf.miy was 
0*072 per cent for cow milk and 0*061 per cent for bufMo milk. 

The lactose-chlorino number of samples gave an iiveragu value tjf (r.'U, fut- cow 
milk and 6*28 for buffalo milk. These values were vmy (jlose to tlu>sc given bv 
Davies [1939], but slightly higher than the previous resulls with Bungalorc'IiampIcl 
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N. N. DASTUB, C. S. DHABMAEAJAN AND E. V. RAO 
Summary 

Two huudred and two samples of cow and thirty-seven saiitples of buffalo milk 
collected from different parts of the country were analysed ,lbi; freezing point, lectose 
and chlorine. The average freezing point depression of all the sainples w^as 0-548°C,, 
!io difference being noticed in the values for cow and buffalo milk samples. Nearly 
97 per cent of the samples gave a freezing point depression higher than 0 530'^C. 
The average lactose and chlorine contents w6re respectively 5*28 per cent and 0*072 
per cent for cow milk, and 5’27 per cent and 0*061 per cent for buffalo milk. 
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By Tulsa Bam, L.V.P., M.Sc., PI 1 .D., Veterinary Investigation Officer, Government 
Livestock Barm, Hissar 

(Eeceived for publication on 16 July 1961) 

(With three text-figures) 

T he information regarding tlie occurrence of main contagions diseases among 
cattle in tke Punjab was published in Indian Farming, Volume S, Marcli, 194:6. 
This, however, related to the Joint Punjab and for the period from 1932-6.3 to 
1934-44. The data, now prejsented in this article, relate to the Punjab (India) and 
for a period of six years from 1944-45 to 1949-60. 

Punjab State now comprises of thirteen districts divided into two ;r6 venue 
divisions of Jidiiindar and Ambala. 

The data have been collected from the reports of outbreaks received, from the 
field stall through their respective Divisional Superintendents. , 

Table I 


ImMmm of the mvm contagious diseases in homnes year-wise 


Name of disoatio 

Number of outbreaks 

: 1,044-46 

1946-46 1 

1946-47 

1947-48 

1948-49 

1949-69 

Eindorpest 

6S1 

726 

769 

1,673 

777 

127 

Haemorrhagic fiopticaemia 

UU 

1,026 

807 

114 

705 

472 

Foot and mouth 

147 

517 

718 

88 

296 

* 1,067 

Black quarter 

116 

59 1 

! 

ne 

i 

6 

23 

11 


likom Table I presenting data for 6 years and ‘Fig. 1 showing yearly distribution 
of contagious diseases since 1932-33, it is observed that rinderpest occurs in cycles. 
The first peak occurred in 1932-33 and 1933-34 ; second peak occurred after three 
years, i.e. in 1937-38 and 1938-39 and the third peak began in 1944-45, which lasted 
upto 194:7-48 and since then it is on the decline. From the trend the next peak 
cycle can be predicted with some accuracy and thus mass prophylactic vaceination 
against rinderpest could be carried out a year earlier to prevent iis causing heavy 
losses, 
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Fig. 1, Yearly distributioiii of contagious ilisoHROs, 
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1,’lie y(*iu' I9-.I.7-48 wa« mipreoedonted in the .history of the. Pinijali in which 
niovxouent of livestock along with, human pojuilation. took place on mass scale due to 
Mie, fmrtition of tlio Province resulting in the spread :rinderp(^st also on mass ,s(;a]c 
throughout ’I'he (Sta te, T.he ine.ideuec of otltor coutagious diseases, on the. other hHi.i(l, 
i\a.s lowest in tiie sanui year, most ;p.ro))a,l)ly, due to the lin.^ak down of eomimuiication 
a.(id 1rans])ort systems an<l [ireoctaipution of the peop.h'. in domestic worrit', s tlue t<» 
tile uplieavel. 

(••real, vaiiation in the numhej- of r<ipo}.‘ts in tlic case of all other infectious diseases 
was observed Ironi year to year, depending upon movement of livestock, raintall 
and other environmental factors. 

Lull [19'lO j i'cported tiuit rinderpest wa.s on the decline in t.h.e Puiija b sinc,(>. 1992-33. 
However, observations recorded above do not agree with his tlndiiigs. Insofar 
as otiie.r diseases of bovine a.i‘c concerned, the. above observations arc in confornuty 
with those r<H/ordod by him. 

I'lie. nuiube.r of outbreah' j-eports o.f ea,eh disea.se received ea,eh luonih {t.>r ail tJie 
yeans fro]ii 1911-1.5 to !9(-9-.56 were pooled together to determine the st.ui.sonai 
im'ifb'm.'e, i’able f! Ixiow show.s the reBnlt. 

ii\;HLE I I 


NmnSer of outimMka of main v<rntagioii.s dimnseH in h(.mno,'i ■mvnt'h-wm 


'.Narae of difsttasc 

1 


1 

1 


1 

t. 

I 

1 

6' 

At 

1 

1 



»l,.i 

277 

don 

•W-.. 

1.0 1 

er.7 



;’HS 


05.1 


l:liM‘iU(rt'i'Iiti.gie .scl.ttictwjmul 

:MI1 

l.vi 

id(( 

'.U 

70 

7.'! 


J d.'i.s 

11,7.S 

■100 

ISO 

dor 

f’ctol and luoiith 

■Cl 


7« 

K)1 

s:20 

SIO 

d.i.S 

00 

lai 

lOd 

oo 

17 

qmu't.or 


1 1 


no 

! f"' 

•15 

eii 

10 


- 


Ul 


Table II and Thg. 2 indicate that Februaiy and .Mareii are ta)inpurative.iy the 
lu-'althiest months each yea.r w hen the total imnilier of reports of all epidemic diseases 
is the lowest. 


Riralc.rpci^^t. Phis disease is cneountered more frecpiently during winter months, 
i.e., November to ..ra.,niiary. 

Foot (Did ntonih dmunio. The munber of outbreaks of this disease begins to 
increase in early April, rea(']u\s its peak in May, stays in June, ami .s]iov/s an abrupt 
(loudine from duly onwards, in otlier words, wd1.ii the onst't of rains it. dec.lines fairly 
ra'pi<lly aiul is lowa'st (hiring winter inoiiths. 

Har/ntoi'd/nigic- tnggioitc/tnid. T,lie highest number of outbreaks o\' t,his dise.ase 
occurs during and .soon after the summer rainy .sea.son ; thus it i.s a.!.- it.s climax during 
the nioutliR f>f August and September and may commence as ea.r!s as duly and latm- 

i.;iA 
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extend to tlie moiitli of October depending upon the length of rainy .season. The 
di,sea,se, idso .sjiow.s tciidency to flare up occasionally after winter rain.s during the 
Tuonth.s of Dcceniber arid January. 

(pufTtcr. in tiio ca,s(‘, of black qiuirter, the outbreaks are fairly evenly 
distribute.d throughout tin*, year but .soino increase is noticed dui'ing the months of 
August and Se|)tend)er. 

ft i.s finis observed tludi eacJi calendar year starts with rinderpest at i(..s poa.k in 
January followed by comxiaratively healthy period for two months, i.e,, h'ebriia.ry 
and Mai’ch. Foot aiui mouth disea.se makes its appearance and hokls ,swa.y from 
April to June, arid then haemorrhagic septicaemia flare.s up with the onset of rainy 
sesason and holds the field ripto September and October, when Black quarter also 
breaks out and take.s its toll. In the end rinderpe.st starts increa.sing again in 
November and thus the cycle re])cats it.self each year. 

'The above conclusions in i,e.sp(,;cb of various diseaso.s are in agreement with tho.S(‘. 
recorded b}” ijall [.1940] except in the case of Foot and mouth disease, in which he 
mentioned that iJic disease .staj'ted declining from June onward and was at low 
level in rainy sea, son, where a,s observation, s recorded above indicate that the di.scase 
.stays in J une ami July marks the ilecline of the infection and i.s low in winter months. 
In this i’(iS},Kie,t observations recorded in this paper are in confoi’inity with those 
reqiorted f>y Ilutyra and Marek [1949]. 

The above observation.s are supported by .sta,ti,stical analysis and finding the 
value of ‘ t ’ and testing it,s significance. 

In tlic ca.se of rinderpest 

Mesan valu(i Ibr peak mon1;h.,s of November, Dcceinbei and 

January .~-~754-.‘5 

Moan value for other 9 montJhi,s ...... :™253*2 

764'3 -B53'2 

. , . : . . . , . . . = 9 * 5 ** 

5887*9 X 0*7 

'i'his i.s significant beyond I per cent level and thus the dilleronce ob, served due to 
.seasonal effect; is real and is not a chance occurrence. 

Boptlcaemia — 

M(,'an value, for peak 'month.s of Augii.st and September . . =-=:I2i8 

Mean \*alue for other 10 months , , . . . -~179*9 

1218 ~~179*9 

, . . . . . . = 1.3*6'‘"’*' 

9246*7 X 0*8 

In thi,s ca.se also chance occurrence is much beyond 1 per cent level and the seasonal 
dil!eren(3C3 is Inglil)' .signilie.aiit, 

Foot and Month dimtso — 

Mean value f()r Ajiril, May and J une . . . . . =682 

Mean valiu*. for other 9 months . . . . . . =87*4 


682 ~ -87*4 



14510*3 X 0*7 


Highly significant beyond I per cent level. 
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'I’alili- [!1 iudioatfs the distribution of contagious diseases 
iiumhcr of reports of outbreaks reoeivcd Jii ciuse ot eacli disease lu eaui i >' 

...veraoe of last fi years period. ■■Vs tiie eaittle popidatiou vanes 

.listrii-t to distiict; the number of outbreaks per 1.1X1,000 cattle, wa,s ealenl.ib.i „ 
oomparativd i<i(>a on umlbi.Mii bay, is. , 

Table .0.1 ^ 

DMcHvi.!i6 fiidnimtion. of conUufiom disaason in bovinas and effect of 


Xami' Ilf aist rift. 

'l'ot:ll (rattle 
IKipiiIalion 

.Werage 

rainfall 

IKii’ aniiuiu 
during 
last 0 years 
in inches 

Average nniuher of reports rrnrcivfrd 
[((;!•: ainmm per 1 , 00,000 cattle 

Total No. of 
out lireaks 

per 1 , 00,000 

cattle 

B. P. 

H. S. 

: 3?.M. 

B.Q. 

-t'ercacimr 

7,4S,0Sll 

13-9 

7-3 

S-4 

5-1 

01 

2ft '9 





3'0 


1-0 

23-9 

UibBju- 

4,89,a!>:i 

l.i-l 






Ikilitali 


lS-9 

0-s 

7-a 

7.S 

21 

;,M-5 

Ourj'itou 

mi 

21.2 

7.5 

a-o 

Svl 

Mi 

2;i.5 

Kanial 

7,Ki,82;i 

2l‘S 

lO-O 

;!-7 

o-S 

(l•4 

2ft.i* 

Amrit.'bur 


22-4 

13-0 

24-3 

4-7 

(t'lCi 

■ 42.|,t 

■lAiaiiifHia 

4,11,M02 

27-.5 

i2.r> 

1.5-4 

5-2 

0-4_ 

;s3.r. 

.iullundur 

.'),0S,.V2i) 

2U’C) 

12-0 ' 

14.2 

11-9 

0.5 

liO-U 

Iloshiarinii' 

<3,26,4.10 

30-1 

11-4 

12-7 

4-2 

0.4 

28- V 

Ainbala 


40.2 

lO'O 

«■'.» 

IM) 

(t-:i 

3ft..i 

Uurtlfi'ijiur 

0,30,00" 

4;V7 

lO'O 

IS-ii 

3.3 

O-Ol 

27.7 

Eaiigm 

7, OS, 110 

71.7 

n-s 

4-0 

5.2 

{►•2 

27 '2 

ShftUi 

21,417 

39-tl j 

24-8 

0 

S«-S 

(PH 

11. 1-4 


Tiroin Table III, it is ohseived tliat tlie first li\'-o districts lia.vc ii,n axcinav rainlbli 
of J74 indies per amtuin and tlie total number of outbreaks is 22*1) per immnn |h*i 
1.00,000 animals. In the next five districts the avera.i^e rainl'iill is :]|-() iiu-iies nt-r 
annum and the total number of reports is .‘0*8 per annum per 1,00,000 auiiuJUN. 
Ill the last two districts the average rainfall is 58*7 per aumiin and I lie tojul numbm' 
of reports is 27*5 per annum per 1,00,000 cattle. Tims moderate niiula)] bt'twe.cn 
22 ill. to 40 indies in the Punjab is more favourable For occurrema* of epidemic 
diseases than rainfall below 22 in. ami above 40 inches. 

In so far as individual contagious diseases are concertu'd, rinilerpest is observed 
to continue increasing with increasing rainfall ; while on the other hand, Plaek ((uarl »*t 
shows dedino with increasing rainfall The incidence of liemorrhugic septii'iiemiji, 
and Foot and mouth disease is more in medium, lainfall as couquired with both 
low and high, rainfall. Table IV clearly illustiates the above slateiuerd'. 


JiiJie, wm] 


WL8A MM 


Ml 
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Table IV 

Incidence of contagious diseases according to fainfaU 


Average number of ropo/'ts per iintiuiu jn'i- 1,0(1, 0(M) cis td*'! 


Average rainfall in inches 

■ .. 

'toOil 

E.P. 

H.S. 

F.M. 

B.Q. 

, 17-4 . ■' 

. 8-i y ■ 

0-4 1 

G'9 

. Id 


31*0 

11-9 

16-1 

. ' 7-5 A 

p 0-3 ■ 

34*8 

58-7 

14*4 

8*8 

4-2 

i;u*i 



Effect of rainfall is also further apparent when th(* state is ('livi(hMl into tonr 
regions according to rainfall and the effect of rainfaJl deiierniiiied <»n each distjnsi* 
separately. 

1. Above 40 inches. 

2. 30 in. to 40 inches. 

3. 20 in. to 30 inches. 

4. Below 20 inches. 

The number of outbreaks in each region has been, calculated loir l,00,0(K» cathh.; 
popultion in each region and is given in Table V. 

Table V 

Regional distribution of the State according to nmtfall and its effect cu incidttnev of 
contagi otis diseases 


Regions according to rainfall 

Number of reports per 1,00,000 (Jut.tK* 

R.P. 

its. 

1 t'.IV). 

B.Q. 

1. Above 40 in. 

■ 87 ■. 

: 51, ■ 

20 


2. 30 in. to 40 in. 

67 

65 

53 

' ' »» 

3. 20 in. to 30 in. 

66 

73 

42 

i ■ 

4. Below 20 in. 

45 

45 

30 

, ^ 




From Table V and Fig. 3 also it is observed that foitt and mouth diHcase and 
haemorrhagic septicaemia outbreaks are .more in region minibcrs 2 and .3 with, 
rainfall between 20 to 40 in. than in regdons 1 and 4 in which tlm rainiall is a.l)ovc 
40 in. and below 20 in. respectively. Black quarter outbreaks a!-(( mo,rc. in low 
rainfall region than in any other region. Rinderpest outbreaks ai'o also lowest in 
region 4 with rainfall below 20 in., but it is higher in region 1 as well with rHinfail 
above 40 in. which may, most probably, be due to greater susceptibility of hi!) Cfittie 
to this disease. 

BErEKENOliJS 
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STUDIES ON THE MANGE MITES OF LIVESTOCK IN 

INDIA 


By B. 0. Basu, P. Balarama Mbiston and 0. M. Sen Gupta, Indian Veterinary 
Researcli Institute, Izatnagar 

(Received for publication on 14 August 1961) 

S KIN diseases originate from various causes. In livestock in India tlie most im- 
portant of tkem is tlie infestation witH various types of mites. Tliis is a serious 
problem for the veterinarian as a large number of livestock is infested with none 
or more species of mites and effective treatment entails considerable inconvenience. 
The disease is known under various names viz,^ itch, scab, mange, scal)ie 3 and a 
number of local names. About two dozen species or varieties of s])eoi(;s are laiown 
to infest domestic animals and among them are some of the most serious posts of 
livestock. Fillers [1921] estimated a loss of 102,616 per aimura due to mange in 
horses in the United Kingdom . To prevent this loss the United Kingdom and Canada 
have enforced legislation compelling livestock owners to report cases of mange in 
horses and sheep to the authorities for remedy. 

Previous literature 

Owing to the inaccessibility of literature an annotated review of the works 
of twenty-four authors on the subject is given. 

Literature on mange reveals that life history of any of the burrowing mites 
causing scabies in man and animal has not been thoroughly worked out [Gordon et at 
1943] ; that work on treatment of various acariasis iufection is very meagre and the 
stage in their life history when they are infective to healthy hosts is not yet known. 
The only available account is by Gordon et at [loc. cit.] who made limited observations 
ofi the life histories of No'oedres in white rats and S tnop^es so'ibei in man and found 
that they are identical. They further suggested that the larval and nymphal stages 
are infective to healthy animals. ReoenUy, Palimpsestov [1.947] did valuable work 
on the subject and observed that sarcoptids of both sexes pass through four active 
and four passive stages. Mellanby at al [1942] in a series of controlled e.’cperiments 
proved that temperature had definite effect on the adult of Sarcoptes seahei. He re- 
corded the thermal death point for these mites and showed that atmospheric humi- 
dity had no effect on it. But Troitzkii [1947] showed that air hutnidity had a great 
effect on the incidence of mange in sheep though air temperature had no effect on it. 
Gillain [1942] recorded that Sareoptes seabei infection of pig could l:)e experimentally 
transmitted to man and also recorded its spontaneous cure. Uns worth [1946] 
isolated demodeotio mange parasite from ten per cent of the apparently healthy dogs. 
He failed to transmit demodectic mange infection by direct contact. Vareniie 
[1946] reported successful transmission of sarcoptic mange from cattle to man. 
Imperial Chemical Industries (Veterinary Bulletin, 1960) record easy transmission of 
goat mange to man during cold months in Baluchistan. 
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Sen [I9:vrj gave a review of tlie diferenfc , met, hods of treat, men f of follienlar 
mange in dogs. ' Basu [1944] gave a general account of the various iv|u‘.s of mange 
mites in India along with their standard treatment. Kov ami (Ihosh fitl'Mj found 
that oil of turpentine had properties lethal to Saacopten mibrl 9hii*])eniitu'. wn;? 
found to roach and kill mites in their burrows without preliminary cleaning of tlu^ 
skin. Taylor [1945] showed that one per cent solution of Beiwene hexfudiloridc in 
olive oil or liquid paraffin was more elective than bemyl henj^oate or tet-raelJiyl 
thiurium, mono-sulphide and DDT in the treatment of Notoedres acariasis.^ Psoro|)i:,oB 
mange in cattle and horses were successfully treated with a sulphur lime dust by 
Gladenko [1946] and Fortushnuif [1947]. TrotyaJeova [1947] reported nfioct-ive 
treatment of Psoroptes mange in horses witli a powder made from a fiis(Ml mixture of 
sulphur and naphthalene. Braun and Schuermann [1947] reported poor effect of 
Gesarol (DDT) on Acarus scabei and on scabies. The curative effect was, however, 
not superior to that of benzyl benzoate emulsion. Benzene hexachloride and 
Gainmazenc were found efficient in curing sheep scab [lCein])or, 1948 and Dowhing, 
1948], scaly legs [Griffiths and O’Rourke, 1949], sarcoptic mango in camels [Oraz, 1947 1 
and. cattle mange (Brandcr). Phenothiazine ointmeuii was found useful iii 
treatment of <lemodectic mange [MoCay and T.ldall, 1949 j. Feiiicillin was successfully 
employed in treating demodectic mange [Floric and Gratccos, 1947]. 

Distribution and seasonal incidence 

From the record of clinioal material received from the varioUvS States and the 
reports of State Governments and of the Disease Investigation Officers it m clear 
that mange infestation is more or less common in livestock tliroughout India. 

Regarding seasonal incidence of Various species of parasitic acariasis causing skin 
diseases of livestock some preliminary observations were made at Izatnagar in 1947 
and 1948 and it was found that mange infestation was definitely seasonal and restric- 
ted to a few months in the year viz., October to March. Sarcoptes seabm var, 
c<Lprae, the mite responsible for sarcoptic acariasis in goats was widely prevalent, in 
our area (Izatnagar) and its incidence w^as very high during the winter months. 
Generally all types of mange infestation in livestock are worst in cold weather. The 
head and the, ears are usually the initial points of infection. Later on, the disease 
extends backwards^ over the body and limbs. During the period October 1947 to 
February 1948 the incidence of mange observed in goats varied from per cent to 
77 per cent, the peak being in December. During this period out of 79 goats ex- 
amined for mange 59 animals showed mange infestation. As regards the follicular 
mange infestation in dogs, 3 out of 16 dogs examined showed follicular mange infesta- 
tion in 1948 in the month of November within the Indian Veterinary Re.search 
Institute premises. In all the three cases, the area affected was found hairles,s and 
the skin appeared deadened and grayish. 

Some critical observations on various species of mange mites weye macl® diilM 
the period November 1949 to March 1950 and their incidence in various species of 
animals IS reported in Table I. 
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Table I 

Imidenee of mange at Izatnagar diwing November 1949 to March 1950 


Speuies 

i 

Xovetnbor 1049 

December 1940 

1 January 1950 

1 Feiiniary 1950 

Marcli 1951) 

No. 

ex- 

amined 

No. 

+ 

No; 

ex- 

amined 

No. 

+ : 

No. 

ex- 

amined 

No. 

-1- 

No. 

ex- 

amined 

No, 

+ 

No. 

amituid 

No. 

-1- 

Goat 

10 

1 

39 

10 

M 

c 

16 

3 

29 

2 

Sheep 

~ 

— 

12 

nil 

21 

nil 

10 

nil 

9 

7iil 

Cow 

2r» 

nit 

45 


32 


38 


25 


Buffalo 


1 

27 

1 

47 


20 


26 


IIoi’He 



10 

nil 

10 


6 


(5 


Bog 

4 

nit 

17 

1 

21 

2 

6 

1 

5 


Cat 


~ 

a 

nil 

4 

nil 

- 


- 

- 


p, fclie period, CMit of 130 goats, 53 sheep, 165 cows, 138 bulfaloes, 32 horses, 

Ovi dogs and 7 cats examined for mange, 22 goats, 2 buffaloes and 4 <iogs were found 
positive. The infection in dogs was due to Denwdex follimilonm ami in the others 
oarcopies scah&i. 

Treatment 

^ Ihe standard treatments generally used against aoariasis infecttiou liave been 
briefly stated by Basil [1944]. Recently, many cliemieals of promise appeared in 
toe market and some of them were tried to test their aearicidal projjerties. DDT, 
1 ems and Gammexano (D.025 — C. I.) were tried in this (ioimection. A. few 
years ago, there was a reference to the beneficial elfect of sea water in the treat- 
ment of acariasis. Work was conducted to confirm it. Besides, a few other trials 
were made with varying percentages of the components of some standard dips. 

The chemicals used were in the following concentrations : 

1. DDT in strengths varying from 0*1 per cent, to 2*0 per cent. 

2 . Derrfg wash 


Berries ... 1 pound. 

Soft soap . . . 4 ounces. 

Water ... 1 gallon. 

3. Gammexane (D.025 — I. C. I.) — Two per cent solution in kerosine oil. 

4. Sea water and sodium chloride. 

6. Tobacco lime infusion 


lobacco leaves . . 4 pounds. 

• . .1 pound. 

• * . . 60 gallons. 

The treatment was tried mostly on Sarooptes mange in goats, Psoroptes maiim 

m sheep and Demote mange in dogs. 
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Experiment 1 

DDT,-ia] Tlirce goats suffering from mange tlio causative orgauiMiri of w1drh 
was identified as Sarcoples scabei var, caprac^ were treated, with a stdul'ion of f.wo 
per cent. DDT in kerosine oil. The solution was rubbed iliormigbly on the ;i fh'j'led 
parts with cotton wool. A second application was nuwle. after se.v(‘u dsys. 
scrapings were examined every week and it was found that niitcH wtoH*. pivscnl. 
tlirougliout the period of application. DDT was found iinsuitiU)li; for ol 

sarcoptic mange in goats. 

(b) An aqueous Suspension of DDT in 0*1 per cent and 0*5 par {;a-ut stri^ugfJis 
was tried on sheep suffering from psoroptio mange. The fornuir strength, Iiad 
practically no effect but the latter was found effective. In slioep <Ires.scd with 
0*2 per cent DDT and above a slight irritation of the e])idormis was notic.tMl, No 
other constitutional disturbance was seen in any of tliein dressed with :t.'{ueous 
suspension of DDT. 

Experiment 2 

Derm. — (a) Three goats suffering from sarcoptic mange were f-rtsaf.cd with a. wash 
containing Derris (with five per cent rotenone contimt) one ]>ouud, .soft snap four 
ounces and water one gallon. It was rubbed thoroughly on the atYceted pai is td' Die 
body with cotton wool. Qffie scrapings were examined every week and it was found 
that the animals were free from mites for one week, Wlien they rcapiieared in the 
second week, a second application of the insecticide was made whudi kept fhein a, gain 
free for another week. Derris failed to cure goats suffering from sarcojitio mange. 

(6) The above wash at a strength of 1*0 per cent was tried on two slieep suflYuhig 
from psoroptic mange and cured one. Incidentally it may be, meutioiuul Dial, the. 
spie wash in O-'l per cent and 0-2 per cent strengths proved olTcutive against biting 
lice and sheep ked respectively. No harmful effect was notie.ed in any of Dh*. uniumlH 
dressed with this derris soap wash. 

Experimmt 3 

Oani'mexane.—'F om goats were treated with, a solution of 2 per ee.nt ClHUUuexanc 
in kerosine oil. The affected parts were tho.roughly rubbed with cotton wool. 
Scrapings were examined every week for a period of seven weeks. No mites were 
detected. Gammexane was found to be an effective drug against sarco])tic mange 
in goats. No constitutional disturbance in the treated animals was noticed. 

Experiment 4 

Sea water and sodium chloride.— ExpenmentB on eight goats suffering from mange 
caused by Sarcoptes scabei var. caprae were conducted to test Die eHicacy of sea 
water or its constituent salts in the treatment of mange. Workers frmii Madras 
[Venkatachalam et ah, 1943] reported definite beneficial clYocts on (he, pan-nfcerial 
administration of sea water in sarcoptic and follicular mango in dogs. 1 u an r series 
of experiments, the goats were selected from a fiock infected with man<a> and the 
scrapings from their skin were examined to determine the causativc'"oi'<.aui.sm 
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During tlie experiment tlie experimental goats were kept in separate skeds away 
from tlie rest of tke animals to prevent extraneous contamination and reinfestation. 
Four of these received eight injections on alternate days of approximately 40 c.o. per 
hundred pounds body weight of sterile sea water which was obtained from the sea at 
Madras, The goats were weighed before and after the experiment. The quantity of 
sea water administered varied according to the body weight of the animal. Likewise, 
another group of four mange goats in two batches received a series of seven and six 
injections of a 2*3 per cent solution of sodium chloride in distilled water, Le., the 
strength in which sodium chloride was present in the sea water used. In both the 
groups, half the number of animals received the inoculum intravenously and the other 
half intraperitoneally. No improvement was noticed in the condition of the animals 
treated. All of them died later on due to continued ill health and resulting weakness. 
The result of this experiment is tabulated in Table II, 

Table II 


Effect of admimstraMon of sea water and sodium cMoride on sarcaptio mange. 


Orauj) 

1 

! 

Goat, 

number 

Body 
weight 
eommonee- 
taent of 
experiment 

Number 

of 

Injee- 

tloiia 

received 

Method 

of 

Injection 

Quantity 

of 

in()(!uluiu 

Body 

weight 

after 

experiment 

Result 

Sea water group 

20 

42 lb. 

8 

intravenoua 

17 -5 e.c. 

48 lb. 

No improvement. 








Scrapings positive 








tor Sarcorites. 


40 

40 „ 

8 ' 

do. 

Ifl-f. fl.e. 

47 „ 

do. 


41 

44 „ 

B 

intra peritonea! 

18 •() 005. 

40 „ 

do. 


64 

20 

8 

do. 

lO'iiC.C. 

20 ,, 

do. 

Sodium eWorlde 

3 

30 lb. 

7 

intravenous 

c.e. 


No Improvement. 

group 







Serai>ings jja-sitlve 








for Sarcoptes. 


03 

24 „ 

6 

do. 

10-0 c.e. 


do. 


00 

32 „ 

7 

Intraperitoneal 

13-0 C.C. 


do. 


70 

18 „ 

6 

do. 

80 c.e. 


do. 


One dog suffering from follicular mange was given intraperitoneal injection of 
15 c.c. of sterile sea water on every alternate day for 12 days with no improvement. 


Experiment 5 

Tohacco-lime infusion. — A series of experiments both in the laboratory and on a 
small scale in the field were conducted to evolve a suitable sheep dip with particular 
stress on the use of indegenous products for the control of common ectoparasites 
infesting sheep in this country. Sheep used in these trials were infested with mange 
mites, Sarcoptes sp. Biting lice (Bovicoh om>), sucking lice (Linognathus sp.) and 
sheep ked {MelopJiagus avinus) were also present. The tobacco-lime infusion 
dressing was prepared as under and the quantity of water was increased or decreased 
according to the concentration desired. 

Tobacco leaves . . 4 pounds. 

Lime . . . . 1 pound. 

Water . . . .50 gallons. 
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Tobacco leaves and iime were soaked in water for 48 hours and the infusion wrung 
through a piece of coarse muslin. ^Nicotine content of the tobacco leaves was es- 
timated at 2-3 per cent. 

The tobacco-lime infusion at 1*0 per cent strength did not show any eOeid on 
mange mites or sheep k'ed but proved efective against biting iic(;. No iiartniul 
effect was noticed in any of the sheep dressed with tliis infusion. 

Summary 

Studies on the seasonal incidence and treatment of mange in various (iomestic 
animals have lieen conducted at lhatnagar and the following observations are 
recorded ; 

Mange infestation is definitely seasonal and is almost restricted to *a few luonths 
in the year viz., October to March, as observed at Izatnagar. 

During the period November 1949 to March 1950, out of a total number of 1.30 
goats, 52 sheep, 165 cows, 138 buffaloes, 32 horses, 53 dogs and 7 cats oxamim'd for 
mange, 22 goats 2 buffaloes and 4 dogs were found positive. 

Sarooptcs scabei and Demodex folUcuhrum wore the cmiuiion species of niitOH 
responsible for mange in domestic animals at Izatnagar. 

Different strengths of DDT, Gammexane, Denis root powder and tobacco-limo 
infusion were tried on SarcopPio mange, in goats and psoroptic mange in DDT 

had no action against sarcoptio mange mites but a 0*5 per cent sus])cn.sioti was fouml 
effective against psoroptic mange. A derris wash was 'piactieally ineffect.ivo, 
against Sarcoptis mites but was found successful in Fsoroptee (one out of two trietl) 
The wash in ()•! per cent and 0*2 per cent strengths proved effective against biting 
lice and sheep ked respectively. A 2 per cent solution of Gammexane (D.025) 
proved to be an effective cure for sarcoptic mange in goats. Tobufu-o-limc infusion 
at 1*0 per cent, strength had no effect on mange, mites or slu'e]j ke.d but was 
effective against biting lice. 

Intravenous and intraperitoneal injections of sea water and sodium cldorkhi 
(2*3 per cent ) had no beneficial effect on sarcoptio (8 cases tried) or demodeetie 
mange (one case tried). 

Mange infestation is more or less common in livestock throughout India, 
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THE PHARMACOLOGY. OF GIGANTIN^ 

By V. Kathnasabapathy, B.v.sc., and V. Iswariah, B.a., M.b.b.s.j m.r.o.p. 
(Received for publication on 17 April 1961) 

(With Plates VI—X) 

T he crystalline active principle, ‘ Gigantin ’ first isolated and so named by 
Pitchandi [Pitcbandi, 1948], is obtained from tbe latex, commonly .known as 
madar juice, of Calotropis gigantea. All parts of tbe plant, the leaves, bark, flowers 
and root are used in the indigenous system of medicine as antispasmodic, alterative 
and nervine tonic [Watt, 1893]. The milk is used as a counter irritant and also 
in criminal poisoning for suicide or for producing abortion. The constitution of the 
active principle was studied by Pitchandi who assigned to it the following formula 
0 . 2 , 1 ’HggOy as the tentative molecular formula. 

A preliminary report on the pharmacology of gigantin had been made by the 
present authors [Rathnasabhapatliy, Lakshman Rao, Krislmaswamy, David, 
Ishwariah ; 1949 and 1951] who obtained some evidence that its action on the cir- 
culation was one of stimulation due to a direct action on the miisculature of the 
heart and blood vessels, similar to digitalis. Arrhythmic hearts became regular 
and failing hearts were found to revive under the drug and this led the authors to 
undertake the present work in the hope that the drug might be a very valuable and 
cheap substitute to digitalis if not better. 

Matjsrials and methods 

Gigantin used in these experiments was prepared by the Chemist in this laboira- 
tory according to the method described by Pitchandi [1948] and made available in 
sufficient quantities. As it is insoluble in water, alcoliolic solutions were made use 
of *1 : 1000 solution was made in absolute alcohol and further dilutions were made 
with normal saline as and when needed. 

Acute and chronic toxicity following intravenous administration was studied 
in dogs weighing 2 to 4 kg. 

Dogs, cats, kittens, rabbits, and sheep were employed as experimental animals 
in this investigation. Effects on circulation and respiration were studied on dogs 
anaesthetised with 2-2 c.c.per kg. of paraldehyde orally and cats under intramuscular 
chloralose anaesthesia, 110 mg. per kg. dissolved in hot alcohol. Blood pressure 
was recorded on a kymograph after carotid cammlation and the recording of res- 
piration was accomplished with the use of a tracheal cannula coimected to a Marey 
tambour' as usual. 


^Published from the Resoarcb Unit on Indigenous Drugs, Department of Pharmaeology, 
Madras Medical College, Madras. 
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Perfusion of mammalian, hearts and experiments wil.li isolate.d hits of phiiii 
muscles as uterus and sheep’s carotid artery were done, in an improved typo, ol 
apparatus, invented by Vareed and VenkatfuJialain [19't^ll wbieb a,r(’: in ns(‘ in I hi.s 
laboratory for over ten years giving very satisfactory results. Idm jnsu’f. perfusion 
apparatus consists of a double walled flask of two litres (lapacUy and a doiihit'. sur- 
faced condenser about 90 centi-meters long. The heart cannula is lixed to the, lower 
end of the condenser. Water at constant temperature is carrieil througJ) iJte tloubie 
surfaced condenser and the double walled flask. A therinomoter inse.rt(*,d intn tJ.u!i 
heart cannula registers the temperature of the perfusion fluid. .Injections ol^ ilrugs 
are usually made into the bulb of the heart cannula which has got a capacity ol about 
10 c.c. Drugs injected into the heart cannula are thus diluted ten times in the 
bulb. 

The apparatus for perfusing isolated uterus, intestines, etc., consists of a, jacketed 
cylindrical bath of 100 c.c. capacity with three-way stop code at the bottom and a 
jacketed two litres flask, connected together. Water at (ionstant tempe,ra.i)iire is 
run through the outer ja(ikets. Drugs when added into the bath are. diluttal 100 
times. 

Perfusion of kidney was done in the Dixtion’s apparatus. 

Experimental data 

Toxicity, A precised L.D. 50 was not worke<l out. But it was foumi that a 
intravenous dose of 0'3 mg. per kg. was invariably fata! to majority of the. dogs 
in 15 to 30 minutes. The toxic symptoms may be divided for eonveniemai into 
three groups. .In lethal doses there was frequent emesis of biletinged frothy fluid, 
distressed look, great exhaustion and death in about 15 to 20 minutes. The heart 
beat was highly accelerated with indistinct sounds resulting in fibrillation and (.sardiac 
failure. Pulse and respiration were accelerated throughout but respiration was 
dyspnoeic and oral. 

On post mortem the liver was highly congested, enlarged and friable. Tlui 
cortex of the kidney was slightly congested. There was nothing abnormal in othe.r 
organs. All the tissues were subjected to liistopatliological examination. Bxc.c.pt: 
the liver and kidneys, all the other tissues were normal. In the liver t}nn*e- was 
widening sinusoidal spaces, the branches of the portal veins were tmgorgt'.d. But 
there was no definite change in the liver parenchyma. The blood ves.sc^ls in tJie, 
cortex of the kidney were engorged and the glomerular tufts were cong(‘,sted. fl’ubii,- 
lar epethelia showed dowdy degeneration. 

In doses that are toxic, but not lethal, there was frequimt eiutisi.s of bikvtiugtwl 
frothy fluid, dyspnoea, distressed look, brady-cardia, weak; pulse }ir){l ;u!et‘]erHtc(i 
respiration. But g.Tadual recovery took place in an hour. In phy,siologi<-uI (1 oh(‘h, -1 

i.e., 0*05 ing. per kg,, there were no apparent changes in the rate, of res])iratioii' 
and heart beat ; but the beats were more powerful, pulse full and sfa.‘<,mg. 
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Table I. 


Controls with similar quantities of ahohol alone did mt show any appreciable effect. 


iSeria.1 

number 

Intravenous 
dose mg. per kg. 

Number of 
experiments 

Toxicity 

1 

0-3 

6 

Lethal in 50 per cent of the cases 

2 

0-26 

■2 ' ■ 

Lethal in 50 per cent of the cases 


0-20 

2 

Extremely toxic not lethal 

4 

i 0-15 

2 

Toxic 

6 

0-10 

2 

Less toxic 

6 

0-05 

2 

Physiological, non-toxic 

7 

Control 0-.3 c.c. 
alcohol per kg. 

3 

Nothing abnormal 


Gigantin in 0-06 mg. per kg. doses given intravenously and repeated daily at 
24 kours’ interval for 7 days did not show any indication of cumulative toxicity. 
The experimental animals were killed on the 8th day by ether. Fosi mortem and 
histopathological examination of tissues did not reveal any abnormalities. 

Heart and circulation. 

Action on Blood pressure. A study of the effect of the drug on the general 
blood pressure of 16 dogs and two cats showed that there was always a sustained 
livse of blood pressure by about 10 to 16 m.m. of mercury, for about 30 minutes, 
after physiological doses ranging from 0*01 to 0-1 mg. per kg. (Plate VI). 

In toxic doses, i.e., 0*1 mg. per kg. and above, the blood pressure rose by about 
16 m.m. of mercury above normal ; but it soon became irregular and suddenly dropp- 
ed to the base line and was arrested. 

To study the site of action of the drug a cat under cMoralose anaesthesia was 
decerebrated by Elliot’s method [1937] and a dose of the drug was given through 
the femoral vein. A sustained rise in the carotid blood pressure was noticed as 
before decerebration (Plate VII). An anaesthetised bitch weighing 2*3 kg„ 
was sympatholysed by the administration of 15 mg. of ergotoxine ethane siilphonate 
and confirmed by giving 0*02 mg. of adrenaline, which produced the Dale’s reversal, 
0'26 mg. of gigantin given at this stage produced the usual rise of carotid blood 
pressure as before sympatholysis. 

Action on the heart in situ 

In a myocardiogram of an anaesthetised dog weighing 3 kg. gigantin in dose 
of 0'07 mg. per kg. stimulated all the chambers of the heart. There was an initial 
increase in the rate and amplitude of both the auricles and the ventricles followed 
by a slowing. The heart chambers returned to normal in about 30 minutes. Sever- 
ing of both the vagi and atropinisation did not alter the action of the drug in any 
manner. 
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On Isolated hearU , 

Perfusion of two isolated Httens’ to 10 c.c. of 1. : l,0[),()in> rnuiMioi r;). 

tion of gigantin in the Locke’s perfusion fluid followed hy Moruial di<l nni- 

produce any ckange in tlio rate of tlie tort beat but th(‘ umplilude, wa„s vary ,sli,*.>lU. 
ly increased in the systolic level 

Table II 

Gigantin on the rate ami amplitude of isohUd kittens' hearts 


Concentration of the drug in the perfusion fluid. 

1 in 4,00,000 

1 in 2 , 00 , 0(10 

■;Time 

Bate 

Amp, 

li’iili' 

Amp, 

Before drug 

84 

24 ^ 

50 

10 

After drug 

84 

31 



After 1 minute 

84 

25 

70 

21 

After 2 minutes 

84 

: 25 

80 

2;l 

After 3 minutes 

83 

27 

<5.'. 

20 

After 5 minutes 

84 

30 

40 

25 

After 10 minute.s 



4<» 

25 

After 15 minutes 



:}o 

24 

Rate Rato per minute, amp.— Amplitude in mifli mekrH. 




j;.- 

In physiological concentrations, le., 1 in 2,00,000 in tlie nerfusiou fluid }|u>tv 
was an initial acceleration followed by a gradual slowing. The inurdifiuic. was 
normal m the beginning but later mcrea.scd to more as the rat<^ wiih .Mltnvi'd. The 

The diastole was either Lmafor slighttySc^^^^^^ 

clanges were noticeYdu^gtht tot™ 

deTdoped resulting m intermissions of the ventricles which were hlaiiL once U- 
were not un-com.mon before death (Plato IX) K iuillatjonh 

Changes in rhythm and conductimly 

Perfusion of isolated mammalian heart with l * 9 onn ««« i i,* /» • 

xn the Loche's fluid caused a transient 





{Indian J. vcU Sci. Vol. XXII, Part II] 


lioi'd of fclio myooardiogfara of a decorabiatc cat under chloialoHC auacHlihcBia. 
ion of the auriclo and the ventricle and tlio rise in carotid hlood-in'CHsure aftoi- an 
)f gigantin. (Down strokes arc contractions.) Time— 6 seconds. 


Notes tlics sti inula- 
njcction of I mg. 




June, 1.952] 


V. EATHK-ASABAPHATY AND Y. ISWAEl 


155 


■minute. Tlie auricles and tlie ventricles were beating in unision so far. After 
this file ventricles were reduced in rate, while the auricles were maintaining their 
nornuil rate. Tl).ere was a single ventricular response for every two or more auricular 
beats. After some time, complete block developed resulting in the ventricles having 
tlieir own rhythm and final arrest in diastole (Plate X). 

The drug 1 : 2,00,000 concentration caused an initial increase, then a slowing 
of the rate of the heart. By perfusion with normal Locke’s solution at this stage, 
apparently the normal rhythm of the heart was restored. But on repeating the 
dose, heart block was produced in three minutes, the ventricles responding .for 
every two or more auricular beats only. The ventricles become irregular and were 
ariested. 

Similar changes were noticed even in the auricles with regular or irregular 
intermissions. Finally, they were also arrested some time later than the ventricular 
stand-still. 

It was found that the chambers responded to mechanical stimuli as a pin. prick 
or pinching with fine forceps showing that the heart muscle was not dead and if 
only adequate stimuli reach them, from the pace maker they would continue to 
beat. 

GonimetiUty. In a physiological dose of gigantin, the heart was initially acce- 
lerated but the amplitude was diminished. This phase was only transient. Soon 
tlie rate was slowed while the amplitude was increased. The systolic contractions 
were quicker and steeper whereas the relaxations were slowo.r than normal. The 
slowing was due mainly to a long rest in the normal pause. The increase in ampli- 
tude was due to systole, the diastole being normal. These changes in the con- 
tractility were observed in the auricles also but not to a marked degree as seen in 
the case of the ventricle (Plate IX, Fig. c). 

(kmliae mit’-puL In a physiological dose of the drug, the rate of the heart was 
slowed but the amplitude, and force of contraction were increased. The systolic 
tH>ntra,ctiou was marked with no change in. the diastole. The long pause in diastole 
fiicilitated complete filling of the ventricle and the powerful systolic contractions 
emptied ihe h(!art perfectly. Thus the out-put per beat may be said to be increased, 
.,4 ''Jdie slowing of the rate was thus compensated for by the increased pulse volume and 

the out-put p(3r minute might not be altered considerably by the drug. 

Fixation and Gmmilative effect. A dose of 0-05 mg. of gigantin given in the bulb 
of the heart cannula slow'ed the heart and increased the force and contractions. 
After about 30 minutes the heart was apparently normal, when a dose of 0-025 
mg, was injected again into the heart cannula. This repetition produced not only a 
slowing of the heart but also caused auriculo- ventricular heart block in about three 
minutes. The ventricles responded once for every 2 or more auricular stole. 
Finally due to complete block they developed ectopic beats and were arrested. 
Tims a return of the heart to apparent normality was not an indication of the com- 
|{ elimination of the drug, hut showed that some drug has been left behind and 

■ were eliminated very slowly. 

Blectro-ca,rdiog.ram of normal dogs taken in all the three leads after 0*05 mg, 
per kg., of Gigantin intravenously showed only bradycardia. 
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On the vessels. Onotometric records wore takou of the volumes ‘’j" ^1' 
kidney. Tlie spleen volume showed a slight Ml (Piute VI ).^ He' 
volume was also reduced to a slight degree. In larger dos<‘.s a delinif.*^ n'.iiuel hih 
in the volume of the kidney was observed (Plates VI and Vi If). 

Liver and kidney were removed from tlic body and pinfiised using [u'diisinn 
apparatus of Dixon at body temperature. Dogs under })(iraldeliydti anuer-l In-si-i 
were bled through the carotid artery at the same time injecting Hubdie throiigb tbc. 
femoral vein. When the fluid coming out of the carotid cannula became pali% iiie 
animals was opened up and the organ removed. This served to wash oui= llu^ blofnl 
from the organs and prevented blood clotting inside. A cannula was placed in the 
main artery, any collateral branch was ligatured and the organ phuunl ov(*r a 
Buchner’s funnel inside the Dixon’s apparatus. The perfusion w'as then siarted 
with oxygenated Locke’s fluid containing defibrinated blood from the sattie aniuml. 
The stroke of the pump was adjusted to a convenient height so as to didiver on an 
average about 0*5 c.c, per stroke. The perfusion fluid flowed out of the orgati 
through the vein and was caught in the graduakid vessel provided for tin*, 

The time taken for the out flow of 50 o.o. was recorded by nuMins of a sf iip waL'b 
and w4en several readings were more or less constant a dose; ofgigantin was injf(g(-d 
into the rubber tubing just above the arterial cannula. The ihue faken fur ila; 
out flow of 60 c.c. was again recorded, several readings being taken in order tf> obtain 
the maximum effect. Table III gives the results of the experiment. 


Table III 


Organ perfused 

■ I 

Dose of gigantin in 
mg. , 

Avt'i'agu lime for 
out flow of ilO c.c 
before injection 

. i 

Mtisimimi ro{ 
tion lifter in 
for Oti c.c. 



■ ' 

Minutes Seconds 

Minutes .Sec 

Liver 

0'25 

3-n 

4-2 


0-25 

7-1.^ 

2-37 

Kidney. 

0*25 

5-0 

3- is 


0-15 

6-52 

1 , 0-7 


0-26 

4-30 

0-0 


The out flow from the liver was markedly delayed with a dose of 0*25'*' nm 
the maximum delay noticed being 4 minutes and 2 seconds. Same results were oh» 
tained witt kidneys Only in one case 0-26 mg. produced a ina.vimi.,ri rclanlafcion 
by 6 minutes and 18 seconds. In all subsequent instances the retardfitioi» time was 
very little. 

Perfusion of isolated kitten’s heart through the coronary vessels wa.s <loue to 
find out the eflect on the coronary vessels. The out flow through the coronary 
veins was collected in a graduated apparatus for three minutes and measured. When 
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seveTai readings were constant a dose of gigantin was given into tlie heart cannula 
and the amount of fluid collected for 3 minutes was measured for comparison. It 
was found that tiie drug did not produce any change in the volume of fluid collected 
in a unit of time as shown in Table IV. 


Table IV 


Organ perfused 

Dose of drug given 

Venous out flow 
in 3 minutes before 

Venotis out flow 
in 3 minutes after 


mg. 

injection in c.c. 

injection in c.c. 

Kitten’s heart 

0*06 

22 

.22 


0-06 

22 

22 


Action of gigantion on isolated bits of arteries was studied using the carotid 
artery of sheep. This was obtained fresh from the slaughter house immediately 
after the sheep were slaughtered. The carotid artery was cut spirally to a length 
of about 1 inch and left in a constant temperature bath with oxygenated Locke’s 
fluid for about 30 ininutos. One end of the bit was tied to -a fixed point below and 
the other connected to an Evan’s frontal lever writing on the drum. The capacity 
of the bath was 100 c.c, 0*04 mg. of adrenaline added to the bath, constricted the 
arterial muscle by a nervous action. The bath was changed and 0*5 mg. of gigantin 
was added. The vessel constricted but the relaxation was very gradual unlike 
in the case of adrenaline. After changing the bath the nerve terminals of the vessel 
were paralised with, ergotoxine-ethane-sulphonate by adding 0*18 mg. to the bath. 
The bath was changed and symptholysis was confirmed by a dose of adrenaline 
added to the bath. But a dose of gigantin did produce a constriction of the vessels 
by a direct action on the arterial muscle. 

Action on other 'plain Muscles 

The intestinal movements of an anaesthetised dog was recorded by the balloon 
tambour method. A dose of 0*00 mg. per kg. given intravenously did not produce 
any appreciable change in the normal intestinal movements (Plate VIII). 

Uterus, The record of the movements of an isolated uterus of rabbit in the 
constant temperature bath showed a good contraction both before and after sympa- 
tliolysis with ergotoxine, when 0*.5 mg. of gigantin was added to the bath. 

Diuresis. Diuresis in an anaesthetised dog was measured both before and 
after gigantin. A volume 250 c.c. of a 10 per cent solution of cane sugar was given 
early in the morning by stomach tube and the animal allowed plenty of water to 
drink. It was anaesthetised by paraldehyde, the abdomen opened and tbe ureter 
of one Jvidm^y was cannulated and the urine made to drop on an Inohley’a drop re- 
corder, whi(3h was connected to a Mary tambour. Every drop was recorded on the 
drum and the time record was also made simultaneously. When the drops per 
minute were uniform a dose of gigantin was given intravenously and the number 
of drops per minute was counted after the drug. 


Bato "Rato per minute. ami>. — ^Amplitude in mUli meters. 
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It was foimd tliat there was a transient increase in the nuuilxu’ o( r(>('ur(!(Ml 
after a dose of 0*25 mg. of the drug given intravenously. Tliis J).o\v<'ver was not 
sustained. 

Action on respiration 

Respiratory records ta,ken by tracheal canniilation showe.d tluit the <li‘ug did. 
not produce any change in the normal respiration ; but where it was already dcpir.ssiid 
a stimulation was recorded. 

Discussion 

Gigantin given intravenously to anaesthetised dogs produced a ]-){n’sisiet)t rist; 
of blood pressure which is not abolished by ergotoxine or decerebratioji. hh-om ( In,', 
above experimental data, it is thought that the rise i,s due to the a.utit»u lioth on I ho 
heart and the splanchnic vessels. 

The action on the heart is direct on the nuivsculaturo and iudeponduut of the. 
central or peripheral nervous mechanism as the same is produci'.d in isulatt'd and 
atropinised hearts. Both hearts in situ and isolated behave Kiinila.rly f.o giganlin. 
In all doses the rate is accelerated in the beginning, later hIowih. 1. The a.iuplitude 
is normal in the early part but later increased. Th,o increase is dm*, luaiidy t.o tlie 
increase in the systolic level, the diastole being either norinai or slightly delhmnil.. 

The initial increase followed by as showing of the rate of tlie heart under gigfinl.in 
may be due to some changes effected in tlie pace maker, for, tlie wjiole lieart nuisidtt 
is involved in this action. The irregularities of th,(‘, rhythm in the phase is 
probably due to the heart block, lor the ventricles beat on<a‘- Ibr evnny two or more 
auricular beats. This is followed after a time by a {!Oi»i[)lete bloe.k whmi f.ln^ venf ri™ 
cles develop their own rhythm, bccoine irregular and got arreste.d. The linaJ sl;md- 
still of the ventricles is due to the failure of elfe(*,tivc stimuli reueJiing llnmi a.r)d not 
due to the death of the muscle, since the muscle responds 1 ;q imudianicul sf iinnii 
even after the ventricular arrest;. 

The conduction thus is lirst impaired in the aurioulov<mt.rie.iil;u> bundle and 
at a later stage in the auricular fibres. The impulses starte.d by the pae.es jnaker 
thus fail to arouse the auricle, as at a previous stage impulses whieji" rejudi tbe imrieles 
fail to reach the ventricles. The auricles and ventricles in the iibseneti of 
to contract develop ectopic rhythm and when a mimlxir of successive iinpii!s(is fail, 
prolonged and final stand still results. Finally the pac(.^ maker may bo slowc.d atid 
arrested. 

The two factors which comprise the action of gigantin ar<j slowing atul incivasod 
contractility. The slowing is mainly due to a long rest in tlie normal pausi^ 
increased contractility is shown by the increased systolij*. level, l.lio diasloio boine 
normal or very slightly deficient. Further the systolic contracd.ums wea-e aist> powe.r 
ful and complete for in the individual beats after gigantin, tiu'. svstioiic. oxtiursiun 
of the liver is quicker, steeper and higher than normal. When tlu'. dnistijb. is normal 
while the contraction is greater the extent of movement and. the voiumo of blood’ 
expelled are of course greater. 
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hum 1 he eXfiemacniMl duja tiu, rise uf jihmd pro,s.mre joay bo ascribed 
M.ic M, e.., , inehun t{„. Iduod vossets of the .splaiuvlmic, urea. ‘ The volume. 
d’*-n euci s.dHfy Shuued niurhed decrease. Perfusion of isolated organs, 
nwi ;i ,n^ kuhi.-j u .-Oil a ra;! ion of the' vessels leading to a diininislied out- 

iue ui uo< am llnat Irom the veins. The action on the kidney ves.seis wore 

coronary \esscis wei'e neither dilakid nor conscrieted. The 
"'<bor! .,n lice loiiscular tk-siie <11 the arteries anil nut iionoius 
01 arvon, o-' lia- -aouc i , jimducrd in i;.,n(aied hits ofarterial musciesoven after sym- 
liiilifoiVMis l»_y ergotoxine.. . 

■' icis got iinifonn action on a, II plain imischcs, it was tried on 
tic* in i!i<‘ an.^i \ Cc in}c,.,i m,d' inn .clc.s, and it Ls seen 1 :ha.t it lias direct action on the 
afci-mo tne-irulsMio- only and has no action on intest-inul mu,ieu!,atui:e. 


1 tc » i.Mi Tori oicnM -,< in diiiresi.s j,n'oduced, by the drug is probably due to tho 
coiirMou! i.cc.t h' <- oi‘ fin* •M.'uerid blood pivs.-aire and incmised flow of blood throrigii 
I hi- Udii.'v- c hu-c i not of great Micrapuel in vaiiie, 

<b> aium lie ! no aeiion on oornuil respiration. But it has been ohsciwcd that 
it St ioM.daie:. i Ic ie- pind (on hoi fi in rate and depth whrirc it is alrt;ad;y ilepressed. 

of the heai'k inerea;-ed contractility, ciurudation arc al! eliarac-- 
"> dfgo.di,'. seiie-: ordnu;,.-i and in tlnisc gigantin .reseinliles llictn. 
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THE PHARMACOLOGY Of OIOAKTIW 

Summary 

Tke Pharmacology of gigaatin on the mammalian (ianliu vjiwaila!' inr..'.lt;ini.siu 
ha-B been Btiidied in detail. 

By a direct action on the musculature of the heart and the ViiHMi'ls it [uoum-n 
a ijorsistant rise of blood pressure. 

The efficiency of the heart is inoreased in i>hysioIogica,l doses. 

The action on the heart is analogous to digitalis. 

Gigantiii has also a direct motor action on the plain muscle or tlie uterus. But 
it has no action on the plain muscle of the iutestines. 

The Coronary vessels are not constricted hy the drug. 

It has no action on normal respiration. 
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REVIEWS 

EMBBmoair of •sm fio 

JiY liitAULEY M. Patten 

{i^nldhhi'd hif Uie Hlakhtoii Company, PhiMelpUa and Tomnto P. P. XIII and 
wi!k /iS'6* lUadratiom in the text containing 4'/2Jiyureft of which 0 are in colour. 

■■ ilis,) 

pig Itas b<H!n a Huhjo(Mw)f oxtensive ombiyological refsearcli and there is 

already pliapy of [xiblished material on the subject. But no other book deals 
wii h ilu! .^aubjiur,! so cnecUv<dy as tin; publication under review. The present work has 
the- merit of pnisentmig in a simple form l;he fuudameutai processes of mammalian 
di‘Vt*lo|nnerit base.d on pig with Hpoeial emphasis on the soqiionce of embryological 
events. Th(‘, fact, t-hat thi < is tlie third edition of tlie book is a clear indication of 
its jHipnlarity and im-nsising demand. In the present edition the subject matter 
hasbe.en hronght np-t-odate ami a number of new illustrations including some 
exctdeni. cuhmrcd plates have been incorporated to enhance the usefulness of the 
book.' 

‘The liook is divided into III chapters t>f which b have been devoted to the early 
stages of ihivtdopimmt iii nuunnials. Tim seventh chapter which deals with the 
Htrue.tart.*. of pig eiribryf>s oft) to 1*2 m.m. in length containing several illustrations 
is sut eKcecfliugiy intei’ivsf.ing and iiistrmd.ive chajder. The remaining chapters 
dtwi‘ril)c the orgatiogmiy in a lucid form. An account of the histogoiiosis of bone 
has been iuclmled in tlw'. twelfth chapter. The last chapter contains a description 
of tlu‘ ^levuiopniiUit of teeth, fac<' and jaws. 

The bibliogriipky given at the end of the text is quite comp!?ohensiv 0 . 

ft is, ]ioWi‘.VfU‘j felt that a olmpter dealing with the delicate technique of prepar- 
ing embryologjical materia,! for la.boratory stiuiy would have been a welcome addition. 

To the students of Veterinarv and allied sdcmccs it should be an exceedingly 
useful publication. (C.V.G. G.). 

AETIFIOIAL IISSamATIOI AND ANIMAL PKODUCHON 
By Dr. Samtath Kumaean 

{IhilMshed by X, E. Livengood, Mission Press, Jabalpore) 

D il Ha-uipatbAvumarau’s lumk on Insemination and Animal Produc- 

tion is a n'.ceiit addition to the very limited literature available on tlie subject 
w hich is .-iiiitiored and published in India. As such, his publication is welcome. 
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BEVIEWS 


[Vol XXII, Part II, 

The author has taken considerable pains in g^ing a very nirilniie 

the ^ork so far done on various phases of Animal Production ^ 

technique of Artificial Insemination, Physiology f If ^ , V';!, 
smd breeding practices, etc. In covering such a wide he i o su ‘ ^ 

ignored to Blmw the relative progress of work carried out in Inc ux. " I 
be found informative to those who have interest in these alliiHl f ; 
tie ttttdergraduate studont, H would also be of oonsidorablc liolp as a ‘ ^ ' ' 

portioularly in regard to the practical appUoation of artilicial 
would, therefore, commend to every educational institution an a bo 
undei'going courses in Animal Husbandry to encourage such a pu .) ica u y 
a copy of the book. (P.N.N.) 
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ORIGINAL ARTICLES 

FIELD APPLICATION OF ARTIFICIAL INSEMINATION 
IN GA_TTLE~I* 

By P. BirATTACHA,RYA AND S. S. Pbabhu, Animal Greiieliics Section, Indian Veterinary 
Research. Institute, Izatnagar 
( Received for publication on 15 February 1961) 

a lSTE oI the major obstacles in the way of rapid and allround improvement of 
cattle in this country is the paucity of superior hulls [Royal Commimon Report 
on Agrioulture, 1928; Wright, 1937]. The bulls issued for field use fall broadly 
under two main categories ; (i) those from recognized government or privately 
owned farms and (ii) those selected from certain breeding tracts. Although the 
selection of breeding sires on the basis of their phenotypic characters and/or tlioir 
pedigree records, which in many cases are incomplete, is not a sound method, con- 
sidering the performance of the average Indian cattle, it will be- possible to clTect 
a quick improvement in quality, if the total aimual bull requiroinent can lie mot 
from the above two sources. As it happens, however, the availjibility falls fa.r short 
of the actual requirement, resulting in the indiscriminate use of scrub bulls for 
‘settling’ the cow. Consequentially, though the annual expenditiu'c by the various 
State Governments and local Bodies on cattle improvement work is considerable, 
the resultant benefit acoruing to the cattle industry as a wliolii is eonqiara lively 
small Indeed, so long as natural mating is continued to he practised, the present 
state of affairs in the country is bound to continue. The key to the solution of the 
problem affecting cattle improvement really lies in the wider use of artificial insemina- 
tion. 

In practical animal husbandry, artificial insemination was siiccessfully employed 
for the first time by Ivaiiow [1907] in Russia ; and it has been extensively used since 
as an accepted method of breeding in many advanced countries. The special advan- 
tage, among others, of the technique is the opportunity it provides for the economic 
utilisation of the available semen from superior sires. 

First organized attempts to study the applicability of artilioiiil insemination 
in this country were initiated in 194-2 at the Indian Veterinary Research Insitute, 
Izatnagar, under a scheme sponsored by the Indian Council of Agricultural Research. 
The scheme started functioning from November, 1942, and came to a close in the 
year 1945. The work has been subsequently continued in the Animal Genetics 
Section, Indian Veterinary Research Institute. During the tenure of the- CoiinciFs 
scheme, various aspects of artificial insemination, such as training of bulls, collection 
of semen and its preservation, method of insemination, long distance transport, etc., 
were studied. The results have been reported to the scientific committees of the 
Council from time to time [Bhattaciiarya, 1942-1945 ; Gulia, Kohli and Bhatta- 
charya, 1947]. 

The results clearly demonstrated that there was not much difficulty in introduc- 
i ng this method in practical anima l husbandry in In dia. But before its extensive 

* Tho work lias been carried out undey a achomo of research financed by the Government of 
•India from the ‘ Grow More Food ’ fund, 

lf)3 
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1180 was taken up on, a coiintiy-wido Siuiln, it was, (kM',me.<I ('ssculml Fo 

perform a la.rgcr numbor of insomiiiations imdor re^jwe.Heaitntivei In ‘id sioiidition^ 
obtaiiiinfj; in the country. This was found luiocssary in. view td priie-l'ie;iil diin- 
Giilties mot with in idio field [Vaidya and .Bhattacharya., lii-ir)]. With iliis <'.iid^ in 
view four regional centres under the control of the Animal ({tmoti(!s Se.e.iion, Indian 
Veterinary Eesearch Institutej Izatnagar were cst;d,)Uslied at the folbiwing slit- 
.■f;i.On8,: ■ 

(1) Oalcutta Centre at Bengal Veterinary College (startijil functioning from 

November, 1945). 

(2) Montgomery Centro at Sir Datar Singh’s Farm (started functioning from 

December, 1945). 

(3) Patna Centre at Bihar Veterinary Collcg(.i (siarted functioning from 

January, 1946). 

(4) Bangalore Centre at Indian Da,iry Ki^searcli fnsih.ute (started funciioning 

from January, 1947). 

The Calcutta Centre and to some (ixtenf; tlu^ Baiigaiore. ccidre also worki'd 
under conditions obtaining in largo cities ; vvdmreas the oi.lier l.wu \v«T(S pracf ically, 
under rural or somi-riiral environments. The W’ork at the first two c(,uitr<5s materially 
suffered during the communal disturbances before ami alter the partition. Ti»e- 
Moiitgomery centre had to bo closed down in August .1947, owing to partlf ion of 
India. 

The results reported in this article cover the period .starting from the< opening 
of the centres upto the end of 1946. 

Bulls used and their training 

There were in all 26 hulls at the threi*- c<mtres (16 Bos indiem and in Bos huhtHs). 
The Bos indiGus hulls Ixdonged to the following hrcKKlvS : Bahiwid, Uariana, Nagori, 
Tharparkcr and Indo-European Cross-bred. Tlui Bos huhalis hulls wajH'. of (.tu>s Nili 
and Muvrah broods. The bulls were of different ages wliou brought into 1h(^ K<i]lenu^ 
and with the exception of two, were previously used to hand servhre-. N<» dillhndty 
was experienced in ultimately training tliein to serve, in the artlthhil vagimi. ft 
was observed, however, that older bulls took longer time for training, 'rite, thre.f^ 
Sahkval bulls purchased from Delhi were slow at service and as such we.ro found to be 
imsuitahle for artificial service. 

Number of Oolkelions 

Full particulars of collections from the hulls statione.d at tin'. tJuv,c ccntriv-s 
are given in Table I. The details include information on the numlie.r of collec-i.ions 
made, the average volume of semen obtained per collection hum <uuh bull, hme.d, 
and species. Out of the 27 bulls, 10 gave less than 10 collections, 3 hws tiiun 20, 
while the maximum number of collections constituting 87 per cimt of the toi-nl mimbm' 
came from the remaining 14 bulls. The largest number of e.olliietions (84) wv.ro 
made from the Tharparker bull No. 57-2, stationed at tlie Patnn, (hnim. Kvmi 
this number falls short by twenty of the number of possible collectious from a mama! 
routine of twm collections pec week. Considering the mtirilior of bulls, the total of 
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‘possible’ luiniljer of (jollootions works out at 1450. '.riie iHunlpu- ul eulbub-fun:; 
aetiiajly made wer(i 533, ic., less than one per bull ptu* vve.ek ihe inw tiuiuiMO 
was due mainly to the lack of adccpiale demand lor semen, anil also ni -Honn mi .e.im, 
to the inherent defect in the bulls thoinseives, and, their meon.snitmil 
after being in use for sometime. The actual nuiulan' ol ludls injiiuta.ine( • <a .«- 1 
centre could have been reduced considerably, if it bad beeiu possil»h' to muis. < !u<n<^ 
aotive and protrained bulls. 

Average Yolmne of Ejaculum j)er Collection 

The average volume of semen per colhiction varied accjordiug to spec, ins and 
breed, and within a breed, from animal to animal, ifos hahali^ bulls on an uviTugi', 
gave 2*63i:0'07 c.o. of semen a,s compared to 3‘10.L.0'd5 c.c. glvmi by 1ii(> /fov luaivn ‘ 
bulls. The diiforence is statistically signifi(iant. In Uot^ /rtibuivs, the Hverage- Ini 
the 'Nili breed was 241.-:h0‘0() c.c. and for the Mnrrah bre.ed 3'i)l • O-On e.c. ]»*!' 
(jollection. In both the breeds witliin breiid dillV'reiHses, however, are net siguilie.iuil . 
In. the 7fo.v ind/icus breeds, the Sahiml t()]»ped tlie list with 3-72 | (til e.e. ; Fu^xt 
came the Thwtparker with 3‘10 j-0’07 c.c. fi>llowed by the Nagon and /vm/o hiropain 
C,ms-brvd with 2-8'lJ:0-ll c.o".,’ 2-43iO-iU and 2-35,.] 0-13 c.e.. per colleetiun re.s- 
peotively. DilTcrenco.s amongst breeds are .statistically sig>nlicunl. 'i Im bull 
to bull differences amongst Aafikml and Thar parka' are, u.ls<» stiitistb.ally signilieniit.. 
The highest average volume was given by a tSafdmd Bull (.M 1 2/ 1 -2) statimied nl. 
Montgomery centre (4-ll“L:0'19 c.c.), the lowest by tlm imbhEuropt’im i'fn^^ UrvA 
bull No. 1 from Calcutta with 2-35:;|-:(>13 c.c. 

With the B. huhalis bulls, Ayyar [1944] observed an average volume ol 3*U{,) e.e. 
per collection in the 1(5 collections made fro, in 2 bulls, while Hliukhi ami BluitSaeharva 
[1949] found the average volume from 24 <(oUe(itions to be 1-84 i .O-UP e.e. The 
results reported herein are from 1(52 collee.tiuiis nuuie !Vom 5 bulls, 'fhe average 
worked out is slightly higher than that reportiid by Ayyar |l9Mj ami siguHieautly 
higher than, the figure reported by Sliukla ami Bluiitaciuirya l i94U|. in ease of 
Bos imlicus bulls, the average volume for Hahhvafs is given as 3-HO j (t-3fj e..e. per 
collection, by Shulda and Bhattacharya [1949], This figure is not, signilii-unf ly 
different from 3*72i0-ll c.c. found in our .study. The former figure, is an avi-ruge. 
of 18 collections made from a single bull, while the latter is from 95 e.oliect.ious madt^ 
from 4 different bulls. Data regarding Tharparhir and Nagori and Iwlo hhrrupmn 
Cross-bred bulls are new and have not been reported pri^viously. No altempii is 
made here to compare the re.siilts with those of foreign breeds. In vie.w of tin- small 
number of bulls studied under each breed, the conclusioim drawn above shmihl be 
taken as tentative subject to confirmation on the l.)asis of further ob.servatioas 
on a larger number of bulls. 

Month to month variation in average volume in the different breeds is brought 
out in Table II. 

Preservation of Semen 

In the early .stages of the work at the centres, the, (‘.jaeula were ]ire,s(-!'ved busii’ 
and used as such. Diluted semen was used in two centres laler im. Ai Balna, 
neat semen had been used throughout. 
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Table II 


mmdh to nmith variatwn in average semen volume 


Muiith 

Centro 

Motttgoinery 

Patna 

Calcutta 


B. iiuUcua 
(Sahiwal) 

B, biibalis 
{Niii) 

B. iiidicua 
(Tliar- 
parker) 

B. bubalis 
(Murrah) 

.B. inclifius 

X -bred I 
(Nagori) 

X -bi'cdlJ 

tHriMiiltcr 

3-3 

m 

1-7 


1-8 


1*8 

.lusnimy 

2-3 

1-9 

If) 


1-G 


2-1 

Fi'liiieiry 

2.5 

2*1 

2‘4 


Ml 


1-2 

Mnifh 

2.0 

2-8 

2.3 


24) 


Y-l) 

A}, III 

3-4 

3-5 

3.0 


2*8 

2*4 i 

2.(S 

^fa.V 

4 -5 

3'4 

3-2 


3-0 

2-0 

2*1 

.hiue 

4-3 

Mi 

3.0 


2-4 

2-8 

1*8 

thiiy 

r,-] 

I’i) 

3-3 

■ 2.5 

2‘!) 

3-7 

2*1 

■ AagiJHt 

4 >4 

2.(i 

3-7 

3.0 

1-7 

3-4 

3-3 

Kepteaiber 

3.4 

1*7 

34) 

4*0 

14) 

■2'8 

:2.4 


r>.r» 

2-3 

4.(i 

3*7 

34) 

2*9 

' 2-0' 

Neveaihi*!* 

.‘{•O 

2-5 

3.7 

3-5 

3-5 

3-3 

2-8 


n-o 

2'i> 

3-2 

3-7 

2*1 

34) 

' 3-2 


fusemmutians 

Hie iiusemirmiioii, was done by UBiiig an all glass syringe fitted with a long 
ebonite nozzle ainl a Kussian nnxlel vaginal speciiiimi. This method wipi used at 
all tht* emit res in s])ite of the disadvantage and loss of time involved in, disinfecting 
tlie .speenium and nozzle. afl.er each operation. This is a serious consideration where 
very huge number of animals are to be inseminated in a short tinie. However, 
this method was adopted as the number of animals coming to the centi'cs during 
the v<*ur under rejiort was never unwieldy and hecaiise of the speeial advantage 
olh'reil by the met hod namely, the detection of disorders of the reproductive tract 
like vaginit is, cervie.ii.is, etc.,“ and finding out whether the semen de[)osit(‘d, inside 
the cer\ ix was later on exiielhid or not. 

Oomplele details as to the number of mseminations performed from the different 
bulls at the thre.e e.entres, including details regarding the number ol‘ inseminations 
i>er colleetion, are given in Tj,d;)le III. It will be seen from the table, that on tiie 
wlude a largin' number of cows than bumdoes have been inseminated. It, i,s of 
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interest to note tliat while at Montgomery, the cow to huflalo inse*ni nation ra,ti(> 
is in favour of buffaloes, at Patna it is contrarywise. At Oalciitta, tlu^ mHufun’ ol 
buffaloes inseminated is negligible. These figures, howov(!r, slioukl not bi^ taken 
as depicting a true picture of the actual specios-wiso demand ai; tlie tlirtK’s cioitri^s. 
At Calcutta, for example, the absence of buffalo insemination is nuiinly diu‘, to tlie 
poor response of the purchased bulls. Two buffalo Inills wertJ pundiased fr<nn KohtJik 
and transferred to Calcutta. One of them was young and the other though mature 
and ready for service, possibly due to the sudden change in the environnietdial 
conditions, could with great difficulty he made to take notice of fcniales ('-ven on lie.at. 
It was used to natural service and repeated attempts failed to train him to ejaculate 
in the artificial vagina. At Patna, only towards the end of the year as repoiied 
herein buffalo bulls could be procured for use. The situation ai; Montgomery may 
justifiably he taken as a true reflection of the popular demand, Iki st.art with, 
Hissar, SaUwal and Nili semen was available without dilli(niliy and in sulfieient 
quantities to meet the local demand. Yet, only seventeen out of a total of 182 
animals were inseminated with Hissar semen. The reason was ''nliak’ had 
Harima bulls of their own supplied by the Civil Veterinary D^vparinuint, Ihinjab, 
The demand for Nili semen was great, as no bulls of ibis bree<l \v<;re readily avaihU)le 
to the villagers and there were instances when tins villagers brought i.luur ImiraloeH 
on heat from over a distance of ten io twelve miles. 'Clu^ Sahinval seuKin was in 
general demand as the farm, where the centre was located, had a iH^jmtation t»f 
possessing prepotent, pedigreed SaJmvals. The figures ol‘ this tientn*., CuMnduiHs 
may he taken as representing a cross-section of the uctiud diuuaud in this tfiiet. 
At Patna, only TharparJeer semen was available. Tharparhrs, though rec,oium<;nde,d 
by the provincial livestock authorities for gentira,! use, a, re not popiihir with Mas 
traditional gwallas in the city who show a strong fam^y for c.ross-bnsl animals h)iniliy 
known as the ‘Taylor breed’. If a bull of this breed was avuilabhj to the <!enti‘e, 
there is little doubt that the insemiuation figures would have (jousiderably iuqu'oved. 
The largest number of Bos mdicMS females were iusejuinatia! iVom a bull stuli(»ued 
at Patna {Bull No. 57-Breed Tharparkcr with 1184 inseminatimiH), Tins iargiist 
number inseminated with semen from a buffalo bull was at Montgoimu’y {Ikdl No. 
P. A. with 386 inseminations). It will be shown elsewhere thal, figures C(Hild 
have been at least trebled, if sufficient num])er of auimals W(U‘e made available ffu.' 
insemination. Alternately, a fast moving vehicle at the dis])osa,l of tii({ eenl-re wouUl 
have gone a long way in making larger number of inseminations possibhu 

From the economic aspects of the centres work, the figurfis given in T’able. Ill 
are revealing. It will be seen that at Montgomery, though ten bulls wiu’e ai, tJie 
disposal of the centre, the majority of the cows were iiiseminatcsl from only four 
hulls. These four bulls accounted for 67*9 per cent of total number oF aiinuah 
served. At Patna, out of 1216 inseminations, four out of s<jv(m bulls a<!<a)unted for 
77-3 per cent of the total animals served. At Calcutta, thn^e bulls i)at of tlie four 
served 84-9 per cent of the cows. These figures indie, ate that a))out two bulls of 
a given breed, provided tliey are found satisfactory for artificial insemimiticm wmk, 
are adequate for a centre of this type. 

As for the number of inseminations per ejaculum, as already e,x]>!aimHl, the 
limiting factor had been the small number of animals coming to the eentrf^ fur in- 
semination. Thus though ‘neat’ semen alone was uscal at Patna throughout, tins 
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average luimter oC anintals imemmated from ail cjamihtm was "j""" 

a.satthootl.crtwo«entTcsu.smgdauted Bomcn. Kie 'f J 

centos works out at about live ammab per ejaculom. 

of dUution followed by the centrea naiaoly 1: 3. tlus hgare could easily ■ 

In Russia, the fmt country to explore and utilise 
possibilities of artificial service, the number of ammak msommated at c. <• u.i no, 
Ifter seven years of organised work, works out at 239 per 
Ncunumn, 1939]. In Denmark, whore the work was started m and Ihc I 
had been very rapid, the number of cows inseminated per bull “ J- 1* “ “ „ vj„„ 
[Twinch, 1946]. In the United States artifioia iMiiatmn bidk 
■ 342,012 cows which works out at 626 oows per bull [Twmeh, 1946]. I V 

the technique became popular only during the later years of 11 orld \Ur II . 
in» to the figures published by the British Minrstry of Agrioultiire flOlbl, bet i . . 
Time 1945 and June, 194G, on an average one bull was serving 14*^ <iows. A i- 
ire of Mia Ws, with eleven emietive bulls, 2198 ,.uspnma,i..ons 

in .all wore, performed. Taking the serviee rate into consuleration, " ' 

for all bulls, the number of cows per bull comes to U(i, ^ In view of the l.u.t ili. ; - 
boim^ only the fust year’s effort and tkat considerable time was sptmt. in <!<|mpiu 
the faboratori(>,s of the centres, training the bulls and in oduoaiangMm conser%aMve 
farmers to accept the new teebnique, the figure is very encouraging. 


Table IV 


Month to month mnation m. the total mmiher of 


Month 

Montgomery 

(Aiwa 

Patna 

Calcutta 

Montgomery 

iTuliaiofM*' 

Patna 

t'ahmtifi 

Decenihor, 45 

11) 


11 

34 



Jariunry, -10 

S ' 

29 

13 

39 



■Fcbriiiiry, 45 

4 

23 

14 

13 



March, 45 

33 

23 

26 

31 



April, 46 

48 

50 

50 

35 



May, 45 

73 

89 

76 

23 



June, 46 

49 

02 

60 

20 



July, 40 

58 

115 

56 

34 

1 


August, 46 

53 

125 

. ■ 21 

60 

,21 


Septouiher, 4:5 

40 

113 

25 

117 

44 


October, 46 

49 

117 

41 

151 

40 


November, 46 

48 

83 

54 

159 

35 


December, 46 

59 

113 

92 

134 

4H 



September, 1952] 


P, BHATTACHARYA AND S. S. PRABIIU 


171 





The figures in Table IV indicate the seasonal 'trend’ in the activity of the centres. 
But as this is the first year’s work, no attempt is being made to draw any conclusions 
at present, 

Conmptim Rate 

The success of the artificial insemination can be measured through the resulting 
conception rates. Rowson [1944] has described three ways of calculating conception 
rates : 

(i) By adding all inseminations irrespective of whether the animals became 

pregnant or not, and dividing this number by the number of pregnant 

animals. 

(ii) By adding up all the inseminations of the pregnant cows and dividing 

by the number of pregnant cows. 

(iii) By calculating the percentage of conceptions resulting from the first, 

second and third, and subsequent inseminations. 

American and British workers generally estimate inseminations required per 
conception on the basis of 'non-returns’ i.e., on the nmnher of animals not presented 
for ‘repeat’ insominaf/ion on comjiletion of 5th month after insemination. In this 
country, however, it often happens that when a cow repeats heat after an insemina- 
tion, she is taken to a private bull, even for a number of times, and is not brought 
for artificial insemination, on account of recalcitrant prejudice. At other times, 
fiilse information is given that she is pregnant from an inseraination, so as to escape 
any further attempts for being convinced to take recourse to artificial insemimition. 
It has therefore been th ought best to use only tbe correctly checked actual calving 
data for all the invseminations made, for calculating the success of artificial insemina- 
tion technique in field practice. Table V shows the number of services required 
per conception at the 3 artificial insemination centres. They ;were comparatively 
high for the Calcutta centre. The average overall rate for Bos-huhaUs bulls was 
1*39 as compared to 1'36 for the Bos uidicus bulls. The difference is negligible. 
As the rate depends to a large extent on the individuality of the bulls and of the 
cows mated to them, no attempt has been made to test the differences statistically. 
However, among the Bos indieus bulls, the lowest rate was shown by Sahiwal bull 
Ho. K600 at Montgomery, and the highest was that by the Indo-European cross-bred 
bull Ho. 2 at Calcutta. .Among the huflkloes, Murrah bull B439 at Patna had the 
lowest, and the Nili bull MP3 at Montgomery had the highest service rate. 

Anderson [1939], after a careful examination of literature on reported fertility 
of bulls, concludes that when a single service or insemination was allowed during 
one heat period, highly fertile bulls when used with normal, regularly breeding 
cows, required about 1*5 to 2*0 services per conception and this should be regarded 
as normal. With the exception of the Calcutta centre, the mimber of services per 
conception at the other two centres are less than 1*6. As the animals inseminated 
usually came from the surrounding villages, this high fertility requires elucidation, 
The possible explanation might be found in the fact that tlie animals were brought 
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to tlie centres from long distances and as such, in a largo number of case.s, the insemi- 
nations took place during the later phase of oestrus. According to Hammond [1927] 
ovulation takes place 12 to 17 hours ^ost oestrum, liho sperm takes on an average 
51 hours (lesser in heifers) to travel to the place of fertilization [Brester et al., 
1940]. They survive for about thirty hours in the female tract [Trimberger and 
Davies 1943 ; Laing, 1945], so that, if insemination is carried out towards the end 
of oestrum, there is a greater chance of fertilisation taking place than if insemination 
is performed during early oestrum. Laing [1946 b, c] observed consistently bettor 
service rate among the free service group, i.e., where the bull was allowed to run 
with the herd, than in the hand service group, except during the winter months, 
when the duration of heat is short. He comes to the conclusion that the better 
conception rate in the free service group is due to the service synchronising wdth 
the end of oestrum, and thus close to ovulation. This conclnsion is supported by 
much higher fertility in herds where the bulls always run with tlie herd, than in 
these where ‘hand service’ is practised, and the improved conception rates observed 
by the Russian workers using double spaced inseminations [Andreev, 1937 ; Ivurillov, 
1937]. In this connection, the possibility of a certain porcontago of the cows brought 
to the centre receiving stray natural service cither before, or after art/ificial service 
due to the carelessness of tlie owners, has also to be borne in mind. 

Among foreign countries, the most successful results with artificial insemination 
are reported from Russia and Denmark’:. Sniirnov-UgTjumov [1945], reporting 
the work of an artificial insemination centre serving several collective :farms in 
Russia, gives the percentage conceiving with :fresh and stored (iipto 24 hours) semen 
at 96*6 per cent. Sorensen [1.938] reports a percentage of 87*6 with 1*68 inseminations 
per conception among 1,070 cows inseminated by him in Denmark. Holm [1945] 
gives a range of 58 — 96 per cent for 78 co-operative cattle breeding associations in 
Denmark, using artificial insemination and above 86 pe:r cent in 60 out of these 
78 associations. The high percentage of :fortil:ity observed in Russia might be 
in large measure due to the techniques employed (Double-spaced in inseminations 
and paper capsule methods of insemination). Twinch [1940] believes that the high 
fertility rates achieved in Denmark are due to the Sorensen insemination instrument 
and technique [Sorensen, 1946] i.e., use of fresh semen, the st.eril:ity service which is 
allied with artificial insemination, and the prevaletuie of self-contained heixls. 

In the United States, Burch [1939] found among 439 dai:i‘y cows in the New York 
Dairy herds bred during the five months period from 15 November, 1938 to 16 Aimil, 
1939 with semen from seven bulls, an average service, rate of 1‘99. Henderson 
[1939] gives a service rate of 1*9 for 1,089 cows served by eight bulls. Bartlett and 
Perry [1939] discussing the five co-operative artificial inseniinatioii units including 
about 55,000 cows in New Jersey State, observed an avei'agu service rate of 2*0 
for all inseminations performed. Davis and Williams [iOlO] Ibinid a variation of 
1 to 4 inseminations per conception for different bulls with an average rate of 1*3. 
Perry ami Bartlett [1945] mention a servioe rate of 1*7 ;for cows selocited at random 
from a single artificial insemination association, Synder and Baltzer [1945] reporting 
the work of Mkdiigan Artificial Breeders Co-operative liie. with, (iighteen bulls 
supplying semen for 8,900 cows in eighteen local as,sociation.s, fbirnd a itertility of 
47 per cent at first insemination and a further 42 per cent :ft the. second inse!nina,t.ion. 
.In .England, the service rate for the Reading centre is given as 1-7 by 'liarthh.t [1944] 
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for nine bulls, and for tlie Cambridge centre as 1*111. to .I'HO .(or five. (Mills ]»y I 
[1944], Tbe average estimated foitility for aH wtitres in llngljtnd is given as (HrL 
per cent bv the figures published by the British Ministry of Agrieuliure. 

In Italy, Vighenzi [lOIO] states that in. fm^ years 5,790 ins(‘iiiiiia 1 .i(»ns \v<>ro netslcd 
to fertilise 3,747 cows which give an averagii service nite of !4>. The jsyeritge 
service rates so far observed at the three GovcvrnmenI'. of Indii). tamtres iti'i'; <lf<‘idr(i!y 
better than the imericau, British and Italian ligiireB. 

Ill Table VI is given a comparative study of the reliitive inniunici* o( ^'olmmg 
age and treatment of semen on fertility. The available data have b<‘eu divide-d 
into tivo main groups according to species. Each in turn is further diviiled into 
two sub-groups, according to the volume of semen injcct('.d. Each sui)-gi'oup in 
turn is arranged vertically into four main classcvS aecortling to the age of stunen 
used. Figures for neat and diluted semen are prosrnited se]|)a/rately. 

From Table VI (on page 175), it will be seen that slighl-ly higher fe.Hilify is 
obtained whenl*0 c.c. of semen is used instead (>f(l*r) <!.c. 'I’his is trut' irrespective; 
of treatment (neat or dilute) of semen. This is in ke.(‘.[)ing wii.li (be fuidiugs of 
Walton [1933] who observed a decrease in ]>er<!entuge of e,ouc.t^])t,ion wilh a tlee.reas(‘ 
to 0*5 c.c. or an increase to 5 c.c. above tin*, optimum I c.(l and c.ontrnry to tln^ 
observations reported by Kozlova [1935] and Ih'vman [1939 1. The former found no 
significant difference in the calving percentage, of cows itiseminated by the cervi- 
cal method with 0*2, 0*5, 1*(), and 2*0 c.c. of semen, vvliile tlie latte!' ,!’eport!Ml vi'ry 
little difference in the conception rates when (jiuuitities varying from 0-i if> 0*0 
c.c. were used for artificial insemination. 

Comparing on Ukc hems, it is observed that, wiih ii single t'.x'ccfvibm (wldeli 
may as well be due to the fewer number of in.siuninations included), the dihited 
semen gave better results than neat semen. Further, tluu’e wms iic! aj»p!ir!*ni) deereast! 
in fertility with age of semen up to 76 hours at Mtvntgomery {ind Batna etmlres. 
At Calcutta, Centro, however, there is an indication of lower<‘d hu'tiliiy with tin* use 
of aged semen, The latter results confirm the findings of Milovamiv suul Ku1c.H<jva 
[1945], wdio found a reduction of 15 to 20 pt?r cent in the nund)i*r of prtg. 9 )a.iicit*s 
after 48 to 96 hours of storage at 5'“ to 8°C, and Und(‘rhj<»rg, Davis and Bpatig3«;r 
[1942] who, using both diluted and neat semen, fituud a uuirked inc.reaHo in service 
rates with semen stored for more than 24 hours. As opptjwsl to tins, and in lim^ 
with the findings at Montgomery and Patna Ccntrcis, Willett, Fuller ami Halislmry 
[1940] observed no important deviation upto 00 hours, with semou stor'd in yolk- 
phosphate diluent. Their data covered 1,600 inserainatinnB and as in our stmlics, 
only sperm not less than — (--f- motility rating were msed. B.alisbu'ry [1911, 1913, 
and 1944] reported a high percentage of conception with .semen sto!’<'d in yolk- 
citrate and yolk-phosphate diluents for as long as 5 days ; further, n.sing ^liifi'rent/ 
rates of dilution no detectable effect on fertility lev<il with diliitio!i j'aie mh liieh as 
1 : 100 (without the addition of .sulpha drugs) was observed by Halisbiiry j iOlfij; 
Salisbury ef, al, [1943; 1946], With the addition of sulpha <lrug.s, 1 iie diiii1u)n 
rate could be further increased [Salisbury and Bratton ; 194H|. fn view fd* the fad, 
that our data are incomplete in many respects, and the nundjcv of instmumitimis 
performed using stored semen is comparatively small, no cunclusioiLs are drawn 

at preSGiit on the influence of age of stored semen on fert-ility. 
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Summary 

Results of 2,935 inseminations made from 601 ejaculates colltudtMi from thirLeea 
Bos ivdicus and eight Bos bubalis bulls stationed at tlie jMontgonnvry, PaiiOn,, ;utd 
Calcutta field artificial insemination centres run by tbc Anitnal (biueties 
of the Indian Veterinary Research Institute are analysed and dise.uswHi. 
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SEASONAL VARIATION IN ‘REACTION-TIME’ AND SEMEN 
QUALITY OF GOATS 

By D. D. SHUKLA AND P. Bhattachaeya, 

Animal C4enetics Section, Indian Veterinary Research Institute, Izatnagar 
(Received for publication on 16 January 1952) 

(With one text- figure) 

I N recent years several investigations have been carried out into the influence 
' *- of seasons on the semen quality of farm animals. It has been found by Mukher j ee 
and Bhattaiiharya [194-7] and Shukla and Bhattacharya [1947] working with Indian 
bulls a,nd rams respectively that the semen qualities of the animals vary in different 
s(5asons. They have foimd that high air temperature associated with high relative 
]iumi<lity and rainfall as found in autumn (ie., from August to October) has an adverse 
eniict on semen quality of these two species of farm animals. Little information is 
available regarding the seasonal mfliience on semen quality of goats. Phillips et al,^ 
[19413] studied the seasonal variation in bucks of Saanen and Toggenbuxg breeds at 
Maryland (U. 8. A.). Their observations were, however, limited to only two bucks, 
one of each breed. In view of the scanty information available in respect of the 
indigenous goat, it was considered desirable to study the effect of different seasows 
on its semen quality. 

Material and methods. 

Experimental animals consisted of eight goats purchased from the local market. 
They were all mature bucks between two to three years of age at the commencement 
of the experiment. Before the commencement of the experiment they were trained 
to mount an anoestrpus doe and ejaculate semen in artificial vagina. Throughout 
the experimental period the animals were kept under the same managerial and dietary 
conditions as reported for rams by Shukla and Bhattacharya [1947]. Two 
collections of semen at an interval of 15 minutes were made from each animal every 
fortnight for two consecutive years, and under the same climatological conditions 
under which Muklierjee and Bhattacharya [1947] and Shukla and Bhattacharya 
[1947] respectively observed seasonal variations in tbe semen quality of bulls and 
rams. Bach semen sample was examined for the following characteristics : 

(1) Goloiu and consistency. 

(2) Volume of semen. 

(3) Initial motility of spermatozoa. 

{4) pH of semen. 

(5) Sperm concentration per ml. of semen. 

(6) Total number of spermatozoa and 

(7) Percentage of abnormal spermatozoa. 
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Besides tlie above mentioned pliysioal cliaract(.vi'isti<‘.s, rcacUon-i'inie «>{ 
animals was also noted as in rams [Shnkla and Bhattacharyaj. 

Colour and consistency were determined by the visual id 

Volume was measured upto 1/100 of ml. Initial motililiy was siiored a.i*.(‘-<>n u)!i -o 
criteria of Erb et al, [1942]. Hydrogenion concentration of sonuai wa,s de.1ernum‘.(i ! y 
B. I). H. eapillator. Sperm cencentration was dotermined by tlni usuaJ !!ae.nia,(‘.yuj- 
meter method. For the determination of percentage of abnormal spornmto/,oa. I'Ui) 
method as adopted by Mukherjee and Bhattacharya [1947] was followu<l. 

For the study of the effect of seasons on ‘reaction-time ’ and semen (piaiity, the 
local seasons were distinguished as follows 
Autumn * e from August to October. 

Winter „ „ November to January. 

Spring „ „ February to April. 

Summer „ „ May to July, 

Results. 

Monthly averages of ‘ reaction-timc! ’ and ,s<imen quality a, ns prt'SiUited in 'Puble, L 
From the table it is apparent that tluu’e did not exist any rtflai ionship Ind-wt'eti the 
‘ reaction-time ’ and the tpiality of semen produced by the goats. For ijislaiuai, in 

1945- 40 the average * reaction-time ’ in February, April and August was iilmoHt the 
same but the quality of semen in these months varied very gn-.atly. iSimilarly, itt 

1946- 47 the average ‘ reaction-time ’ in the months of l<'<‘bruary, Mank, August atul 
September did not show wide variation, alihough there was c{)ns}>it,5Uo»H varuitinii 
during these months in the semen quality. 

The colour of the semen sample>s during the entire experinnmtal perietl was 
creamy. The consistency of the samples, however, was e.itlier tlihk or thin, 'Urn 
table shows that sperm concentration and total number of spc»r,mab>7,oa for tliin 
creamy samples varied from 1726 to 3240 millions per ml. of semen a,ud 959 to 2092 
millions per ejaculate respectively, while those in tlm thi(!k e.naimy ones vv<u‘e 2329 to 
4046 per ml. of semen and 967 to 2983 millions per ejae.ulate re.spetttiveiy. Thin 
creamy samples had on the average higher pH than 'l;hi(;k <u'(',amy samples, I’hero 
was, however, no appreciable difference in the initial motility of spornui1;o:«(ja be.twiion 
thick and thin creamy samples. 

Average monthly variations in ‘ reacoion-time ’ and semen characluu'istie.s ar(5 pn;. 
sentod in figure I. From the figure it is apparent that tlui curve for ‘ reaction-time ’ 
did not show any regular trend of variation from month to month, ‘riierci is, lum'evtu', 
an in^cation that the average ‘reaction-time’ of the animals in tho H<'.(,H>u<i year of tlu^ 
experiment was lower than the first year. The curves for initial motility aud pi 1 <lu 1 
not show any marked monthly variation. The curve for volunus showed a ttuule.noy 
to follow tho curves for sperm concentration and totul miiribcr of s])ermalo^om 
Distinct monthly variations were seen in the curves of sptum (joiuieutration ami 
total number of spermatozoa. 

The curve for abnormal spermatozoa showed an o])posit<i irtaul to tliat uf spmaii 
concentration, i.e, high sperm concontratioB was associated with decroas <3 <(f abuormui 
spermatozoa and vice versa. 
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98 

68 

44 
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30 

43 

45 

6« 

58 
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T.a 

T.C1. 

T.C. 

T.C. 

'r.o. 

.T.C. 

0-68 
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<>4}1 
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0-76 
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4-6 
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4‘6 
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7*2 



l'h.O. 


ti-:i 
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49 

47 

50 

38 

45 

22 

48 

46 

42 

43 

40 

Tli.Ck 

'i’h.C. 

Th.a 

Th.Ck 

I’.C. 

T.C. 

T.C. 

T.C. 

T.C. 

T.C. 

I’h.C. 

'I’li.C. 

0*37 

0-35 

0-61 

0-78 

()-63 

0-73 

0-78 

0-7S 

0-64 

0-63 

0-67 

0-65 

4*4 

4-8 

4-(} 

4-3 

4-6 

4.-7 

4-5 

4-7 

4 -5 

4-3 

4-3 
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3*7 
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3-1 

3-8 

6*3 
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Seasonal variation in average ‘ reaction-time ’ and semen quality of tlie goats are 
presented in table II. It will be seen from the table that the ‘ reaction-time ’ in 
summer was much less than in other seasons and there did not exist any relationship 
between the avcnage ‘ reaction-time ’ and the quality of semen produced by the goats 
in different seasons. The average ‘ reaction-time ’ in summer was the least, while 
the quality of semen, judged by its colour, consistency and sperm concentration, 
was not bettor than in winter and spring. In autumn, winter and spring when there 
was no marked variation in the ‘ reaction-time ’, the quality of semen varied very 
greatly, autumn being inferior to that of winter and spring. The quality of semen 
in spring seemed to be better except in volume than in other seasons. Percentages 
of abnormal spermatozoa in winter, autumn and summer were higher than in spring. 
High percentage of abnormality in the ejaculates during winter was due to the 
presence of more bent tail spermatozoa and in autumn and summer due to tail-less 
ones. 

Table II 


Seasonal mriation in avrage ‘ reaction-time ’ and semen charactristics of goats 



Autumn 
(August to 
October) 

Winter 

(November 

to 

January) 

Spring 

(February 

to 

April) 

Summer 
(May to 
July) 

Boaotion-timo (in seconds) 

53-0 

57-2 : 

54-7 

38-4 

Colour and oonsistcncy 

T.C. 

Th.O. 

Tb.O. 

, T.C, , 

Volume of semen (in ml.) 

0-63 

0-60 

0-07 

0-71 

Initial motility of spermatozoa 

4'43 

4-Gl 

4-71 

4'65 

pit of somon 

03 

0-3 

0-2 

0-4 

Sperm oonGontration (in millions per ml.) 

2,044 

2,829 

3,528 

2,417 

Total number of apormatoKoa (in millions) 

1,240 

1,582 

2,235 

1, 089 

Percentage of abnormal spermatozoa 

0-20 

7-84 

4-79 

0-12 


T.C.—Tliin creamy 
Th. G.=Thick creamy 


The summary of the results of analysis of variance of the data on ' reaction-time ’ 
and semen qualities is presented in table III. From the table it is apparent that goats 
varied in ‘ reaction-tune ’ and all the characteristics of semen studied. Highly 
significant variations in ' reaction-time pH of semen and total number of sperma- 
tozoa were found between the years. The variations in semen quality as observed 
among seasons (Table II) were real except in case of pH which was a chance variation. 
Variations due to interaction between seasons and years were highly significant for 
‘ reaction-time ’ and pH of semen, and for initial motility it was only significant. 
Between moiiths within seasons highly significant variations were found in sperm 



SEMEN QUALETY OE GOATS 


184 


[Yol XXII, Part HI. 


concentration and total number of spermatozoa and signilkiant variation in initial 
motility. 


Table HI 

The results of analysis of data on * reaction-time ’ and semen ckaractensUcs oj goals 


Source of variation 


raotora for Analysis 

Between 

Animals 

Between 

years 

Between 

aoasou.s 

r interaction 
' between 
aeasouM ami 
years 

1 Betwei'U 
months 
wiiliiu 
Hoason 

Eeaotion*tiino 


HI* 

* 

)|tjK 

U 

Volume of semen 

** 

0 

* 

0 

(1 . 

Initial motility 

** 

0 


* 

[.)$ 

of semen 

* 

*>!■ 

0 


u 

Sperm concentration 

>!<* 

0 

XiiK 

0 

** 

Total number of spermatozoa 


** 


0 

; («<« 

Percentage of abnormal sper- 
matozoa 

** 

0 

1 

* 

1 

# 

1 

a 


** Significant at five per cent level 
*Sigriiticant at one per cent level 
0 Non significant 

Witb a view to test the differences bet-weeii goats, between years and het.W(‘en 
seasons, critical differences (C. D.) at five per cent level of ■t)ro))ability of the. variable 
characteristics were worked out. These are presented in Tables TV to YT. In the 
tables, the average figure under the same bar did nut vary at iivti ])(ir e.ent ItiVi'l, 

Table IV shows C. D, at five per cent level of the variable cliuractfu-istie^s of Honnuii 
between goats. It is apparent from the table that the average 'reactiun-j.inie’ of 
goat 169 was significantly lower than of all others except 168. Thiore was no Kigiii- 
ficant variation between goats 168 and 164 but their * reaction-time ’ wiw signifieunily 
lower than of goats 2, 160, 1, 137 and 3. Goat 3 showed the highest ‘ r<‘iU‘,1,iojl- 
time The table also shows that there was no relation botw<,Hjn the ‘ r<i:ujtioii-i:.inu' ” 
and the quality of semen produced by the goats. For instancii g<.>at.s, 1 und 

137 did not vary in their ‘ reaction-time ’ but the quality of scnu.n ])rodu(!e.d by them 
varied very greatly. Similarly, goate 168 and 169 did not vary in ‘r<ia(;l.ion-tinH‘.’, 
but their quality of semen as judged by volume, initial motility, Hpor/n eomu^ntral ifni 
and total number of spermatozoa varied significantly. Goat 3 as the table sliows 
took maximum time to mount an anoestrous femakj but its He-men. quality wa-s 
not poorer than that of others. The volume of semen of goat 164 was signij'Hin-ntK 
lower than of the rest. Goats 160, 168, 137 and goat 1 had signilicanl ly k.we-r senu-n 
volume than goat 2 and 169. The latter, however, had the highosb semen volume. 
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Table IV 

Cril'iml difference at five j>er emt level of jyrobability in * reaction-time^ and variable 
semen characteristics of the goat 


Variablo 

characterintica 

Value 

of 

C.D. 

1 Average of goats are arrairged in ascending order. 

lieaction-time 

16-3 

169 

(16-0) 

168 

(16-3) 

164 
^ (31-6) 

2 

(56-2) 

160 

(56-2) 

1 

(61*2} 

137 

(64-6) 

3 

(106-0) 










'' 

Volume of semen . 

0-15 

164 

(0-29) 

160 

(0-53) 

168 

(0-63) 

137 

(0-66) 

1 

(0-01) 

3 

(0-63) 

2 

(0*78) 

169 

(M2)^ 








, 


'' 

Initial motility 

0-14 

160 

(3-50) 

164 

(4-50) 

168 

(4-65) 

169 

(4-70) 

137 

(4-73) 

2 

^ (4-83) 

3 

(4-85) 

1 

(4-86) 



"—V— 




j 



_ j 

pH of semen . 

; 0‘16 

3 

(6-2) 

164 

(6-2) 

1 

(6-3) 

2 

(6-3) 

160 

(6-4) 

108 

(6-4) 

137 

(6-6) 

169 

(6-5) 





, 






Bporm concentration 

473 

137 

(2223) 

109 

(2272) 

(2604) 

160 

(2841) 

1 

(2864) 

168 

(2886) 

3 

(3311) 

164 

(3766) 

‘ 




'^r~” 




_ -y. 

u 


Total number of 
fipormatoKoa 

500 

164 

(1076) 

137 

(1263) 

160 

(1606) 

les"^ 

(1640) 

1 

(1712) 

2 

(1964) 

3 

(2086) 

i...... 

169 

(2666) 


v_ 

-v •“ 



, 











— / 



Percentage of abnor- 
mal spermatozoa 

2-46 

109 

(3-17) 

2 

(4-26) 

1 

(4’60) 

137 

(4-69) 

168 

(4-88) 

3 

(6-40) 

164 

(6-30) 

160 

(17-03) 

V— y.— > 









, 


i 

1 











Table V 

Critical difference at five per cent level of probability between years 


Variable 

characteristics 

Value 

ofC.D. 

The averages of the years are 
arranged in ascending order 

Reaction-time 

( 8 - 2 ) 

1946-47 
(43Y) ^ 

1946-46 

( 58 - 1 )^ 

/iff of semen’’. 

0-07 

1046-47 

(6-4) 

1946-46 

(6-3) 

Total number of spermatozoa 

251 

1945-46 

1046-47 


(1659) 

(1815) 
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Table VI 


Critical difference of variable chamcleristios at jive per cent level of prohahihty between 

seasons 


Variablo 

characteristica 

[ Value 
ofc.:D. 

1 Summer 

Autumn 

Spring 

WisO'*'!' 

Eeaction-time 

12-2 

(38-4) 

(53*0) 

(64-7) 

(67-2) ^ 

Volume of semen 

0-09 

Winter 

(O-eO) 

Autumn 

(0-03) 

Spring 
(0-07) ^ 

Smumt'r 

(0*7(0 




'' 


...j 







Initial motility 

Sperm ooncjcntration 

0-M 

473 

Autumn 

(4-43^ 

Autumn 

(2044) 

Winter 

^4-61)_^ 

Sumimu* 
(2417) ^ 

Sumnw'r 
(4-06) ^ 

Wim,<!r 

(2S2i>) 

Spring 
(4 -71) 

Spring 

(302S) 



y— 

, 

“V 

Total number of spermatozoa 

366 

Autumn 

(1240) 

Winter 

(1682) 

Summer 

(1080) 

Spritig 
^2236) ^ 



V- . 

V 



Pafcontage of abnormal sperma- 
tozoa 

1-73 

Spring 

{4-71)) 

-Y~ 

Stunmor 

(0-12) 

Autumn 

(0-2fi) 

Winter 

(7-H4) 


1 , 







V 



As regards the initial motility of all the animals, goat 100 showed the least moti- 
lity of spermatozoa. The sperm concentration of this goat was inferior to gout 3 an<l 
164 which had the highest sperm concentration. The low initial motility of goat 160 
in spite of high sperm concentration might be due amongst other (iauses tf) the highesl, 
percentage of abnormal spermatozoa found in this animal. Initial motility of goat 
164 did not significantly diifer from that of 168, hut it was significantly low<^r than 
the rest, except goat 160, The low initial motility of this goat inspite, of tfie highest 
sperm concentration than of the rest of the animais might also be due to tlie pr(}senc<; 
of a high percentage of abnormal spermatozoa which are lilcely to bo less niotih^ 
than the normal ones. Goats 2, 3 and 1 had high initial motility which might 
be due to the fact that goats 2 and 1 had high sperm concentration as well as low 
percentage of abnormal spermatozoa. The reason for goat 3 showing high inif.iul 
motility inspite of high abnormality of spermatozoa might be its high sperm con- 
centration. The higher initial motility of goats 137 and 169 in comparison with 160 
and 164 might be due to their lower percentage of abnormal spermatozoa in spif^ti 
of their lower sperm concentration than of the latter goats. It setims that iiniiaf 
motility rating, as has been done in this experiment by direct microsc-opical (examina- 
tion, depends not only on sperm concentration but also on the abnormality of sper- 
matozoa. Abnormal spermatozoa are comparatively less motile than tlue normal 
ones and an increase or decrease in their numbers might also affect the motilif.y of 
spematozoa. 
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Average pR of semen of goats S and 164 was significantly lower than that of 
others. Associated with low high sperm concentration was found in them. 
Again, goats 137 and 169 having, higher pR than others showed the lowest sperm 
concentration. It seems, therefore, that high fR was associated with lower sperm 
concentration in goats. 

Total number of spermatozoa has been calculated by multiplying sperm concen- 
tration per ml. of semen and the total volume of the ejaculate. It was expected, 
therefore, that the goat having the smallest semen volume but higher sperm concen- 
tration would show the lower total number of spermatozoa. This has been found 
to be true in case of goat 164. Goat 169 had the highest volume of .semen and 
inspite of its low sperm concentration it had the total number of spermatozoa signi- 
ficantly higher than all except goat 3. Goats 16,0, 168 and 1 did not vary in their 
total number of spermatozoa as there was neither significant variation in their total 
volume of semen nor in their sperm c oncentration. Between goats 2 and 3 there 
was no sigjnficant variation in total number of spermatozoa probably because 
tlie difference in their volume was very little and non-significant {‘'although there 
was significant variation in their sperm concentration’). 

Critical difference at five per cent level of variable factors between years is 
presented in Table V. From the table it is observed that during the second year of 
the experiment the goats took significantly lesser time to mount an anoestrous female 
and ejaculate semen in artificial vagina. This observation is in complete agreement 
with that in rams by Shukla and Bhattacharya [1947]. The semen samples in the 
first year had lower than in the second year, but the total number of spermatozoa 
in the second year was significantly more than in the .first year. Shukla and Bhatta- 
charya [1947] found that in rams semen quality deteriorated in the second year of 
the experiment as indicated by higher lower sperm concentration and total 
number of spermatozoa. There is, however, no such clear indication in this experi- 
ment. 

Critical difference at five per cent level of ^ reaction-time ’ and semen oharacter- 
istioB between seasons is presented in Table VI. From the table, it is evident that in 
summer, the ‘ reaction-time ’ was the least of all the seasons. There was, however, 
no relationship between the ‘reaction-time’ and the quality of semen produced by 
goats in differenet seasons. Volume of semen in winter was significantly lower 
than in the other seasons. Semen samples as judged by initial motility, sperm 
concentration and percentage of abnormal spermatozoa, were found to be the best in 
spring and worst in autumn. 

Discussgin 

Reaction-tinie, The average ‘ reaction-time’ in goats has been found to be 
higher than that observed in rams by Shukla and Bhattacharya [1947]. This 
variation in reaction-time ’ might be due to the difference in species between goats 
and rams. As found in rams, there did not seem to exist any correlation between 
the sex-drive and sperm production. Summer which is the period of decline in 
sperm concentration shows lower average ‘reaction-time’ and in winter which is 
next best season for average sperm concentration records the highest,' reaction-time.’ 



188 


SEMEN QUALITY OE GOATS 


[?ol XXII, Part in, 


Volmie of semen. No work has been done on seasonal iullucnce on l ini 
volume of semen in goats, excepting that of Phillips ei ah, [IDlilJ vvho uk(h! only two 
bucks in their experiment. The data, therefore, could not indicates <flo.arly tbo 
seasonal trend. The results obtained in this study are not in, agro<nn<;nt with l-lu'. 
observations of Phillips and his co-workers. According to them liiglu^st avei’ago 
volume was obtained in fall but in this experiment highest average volume was hmsul 
in summer. Spring was found to be the worst period by Phillips et al., ior senims 
volume whereas in this experiment the lowest semen volume was observed in winter. 

Initial motility. Eesults obatined in the present experiment on seascmal 
influence on motility of spermatozoa is in general agreement with those fouml in 
rams by Shukla and Bhattacharya [1947]. But they differ from the fimliiigs of 
Phillips and his co-workers [1943] in goats who obtained highest avtuiigti iuiihd 
motility in fall and lowest in winter. In this experiment s|)ring which showod 
highest initial motility was also found to be the best season for vspo,im concentrat.ion. 
Autumn was found to be the worst season for initial motility as W(41 as for sperm 
concentration. Initial motility which has been estimated in tihis (',x])(U’nm‘tjt by 
direct microscopical examination is the most empirical jnethod of de.1;ermliting 
motility. It is dependent not only on sperm concentration but also on abuormal 
spermatozoa as found in some of the individual goats. Further mort^, cffld air te.mpe- 
rature as obtained in winter decreases the initial motility. As bci;weou winter uiul 
summer there was no significant variation in sperm concentratitui au<l peirtu'ntagt'i 
of abnormal spermatozoa, the low initial motility in winter might be, dut'. to eadd 
environmental temperature. 

Hydrogen—ion-GonGentration. The average pH of goat H(*ivum was slightly 
higher, than that of ram as observed by Shukla and Bhattacharya j 11)47]. bh-om the. 
records of individual goats it has been found that like ram semen samples with high 
pH values were generally associated with poorer semen quality and moe norm. It was 
expected, therefore, that when there was some correlation hotwc'-cn p\l a,iid H]a‘rm 
concentration in individual animals, a significant seasonal difforenf.(i should iiave betm 
observed in this factor as in case of sperm concentration. But in the proseuf. ittvest-i- 
gation pH did not show significant seasonal variation. There are two jdausible- 
explanations for this result. Firstly, it has been stated by McKenzie and Berliner 
[1937] that a rough co-relation exists between pH and sperm (jouciuitratioji and om^ 
cannot expect a significant coefficient of co-relation between the tw(>. Idee.ondiy, 
in the present study pH was determined with B, D. H, capillator by e.oiorimeine. 
method which cannot give very accurate results. 

Spertn concentration. Eesults obtained on the influence of Heasi>n mi .sperns 
concentration are in general agreement with those obtained by Plullij)s ef. ah, ( 191.1), 
except that according to them summer was the second best siiason, wlK’.rtsas in l.his 
case winter has been found to be the second best season. The rcHnlf,.8 agree with 
those reported with rams by Shukla and Bhattacharya [1947] and, witirbulls by 
Mukherjee and Bhattacharya [1947], These authors earned t>ut their ox()(irimenks 
under the same climatic conditions in which this experiment was (itnidiud-tMl. B, 
seems, therefore, that the slight difference in the results obtained in this experitrumt 
from those of Phillips and his associates might bo due to the difference in the. tlinurt*. 
of the two places. 
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of “e result of analysis of data ou total number 

rosiilf- n that it was lowest m autumn and highest in spriiiu This 

-tsi il. agrees with that obtained in rams by Shukla and Bhattncliarva Fib 171 In it 

result from £^?T>1-m“ ““f “'i lowest in spring. Tlie dififerenoo in our 
Pli-es rduetof ^ i l>o <1™ to difference in climate of the two 

of thToZStl spermatozoa. Results obtained on seasonal TOrktion 

HhlZh TJwZt i "■‘"“rrnal spermatozoa are similar to those reported in rams by 
Sdt Tinta ondautumnthe tailless spermatoz;^ 

ro'i 1 spermatozoa were more in the ejacnlates The bent 

of -eTmatoTcn Muldierjee and Bhattacharya [IMS] ns immatnrc forms 

hid u 7 „ t “°T epormatogodesis was 

ca^rii l ir, t 1 summer, more of these hnmature' spermatozoa wero 

Chm aiinmn 7 F “PtodootiYe tract before they came to ampullae for ejectment. 
taS soo r „ "“"T’ '1““ the semen quality was found to be poorer, the 

t.Mllo.>s apcimatozoa were found more in number and this might be due to hinh 

tnvn-oinnontal temperatui'e. » mioni- ot aue ro nign 


Summary 

Seasonal variation in ‘ reaetioii-time ’ and semen characteristics of eight f’oats 
were studied tor two consecutive years. ° 

Highly significant variations were observed among goats in ‘ reaction-time’ 
hcaiifcl/^^ characteristics of semen studied except its which varied only signi- 

summer was found to be signihcantly less than in the other 
‘t - I . Beaction-time was found to be independent of sperm production. 

Between years highly significant variations were found in •' reaction-time ’ pK 
ot semen and total number of spermatozoa. 

Between seasons highly significant variations were found in initial motilitv 
sperni concentratioii and total number of spermatozoa and significant variations in 
reaction-time , volume of semen and percentage of abnormal spermatozoa. The 
semen quality was found to be poorer in autumn and richer in spring. 

^ Between months within season highly significant variations were found in 
inS number of spermatozoa and significant variation in 
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SEASONAL VARIATION IN HAEMOGLOBIN AND CELL- 
VOLUME CONTENTS IN RAMS AND GOATS 


By D. P. Mukherjbe and P. Bhattacharya, Animal Genetics Section, Indian 
Veterinary Eesearch, Institute, Izatnagar 

(Received for publication on 6 January 1952) 

(With two text-JBgures) 

M UKHBB JEE and Bliattacliarya [1947] have shown that there exists a seasonal 
variation in semen qualities and haemoglobin and cell volume contents of blood 
in bulls. Shukla and Bhattacharya [1947 and 1948] have also observed seasonal 
trend in the semen quality of rams and goats. The present study was undertaken 
to determine if the two blood constituents, mz., haemoglobin and cell volume, in 
sheep and goat follow a seasonal trend as in Wlls, and if so, how far this trend follows 
the seasonal changes in the semen of these species of animals as reported by Shukla 
and Bhattacharya. 

Material and Methods 

Blood samples were drawn from the jugular vein once a fortnight from each of 
the 9 rams and 8 male goats for determining the haemoglobin and cell volume 
contents. Haemoglobin was determined by the method of New Comer [1923] and 
cell volume by that of Napier and Das Gupta [1941]. During the entire experi- 
mental period the animals were kept under uniform nutritional and managerial 
conditions as have already been reported by Shukla and Bhattacharya [1947]. 

Kesults and Discussion 

Month to month variations in haemoglobin and cell volume in the blood samples 
of rams and goats are shown in Table I. 

Table I 


Monthly variation in average haemoglobin and cell volume contents of blood in ram 

and goats 


Months 

' 

Rama 

1 Goats 

Hb. gram per 
100 c.c. of blood 

0. V. Per cent 

! HI), gram per 
100 c.c. of blood 

G. V. Per cent 

January 

7-77±0’27 

34-83±l-38 

i 

I G'79±0-20 

31-07±l-29 

February 

7-35±0-23 

34-62±0-71 

6-63±0-6() 

31-74±1-80 

March j 

7-91d:;0-23 

34-12i0-93 

7‘09±0-13 

31-01±0-57 
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Tahle i — mnld. 

Mxmlhhj vuriatiav, iu averatje hf.mno(jl()hm awl v.dl aohini.c athUrj/ls oj itloml m 
and (pats 



Earns 


Months 

Hb. gram per 
100 C.C. of blood 

C. V. ]Hir eent 

Hit jfitiin ni‘r 
1(10 e,e. el' hieiu 

. lu r . eet 

April 

7*95±0>]S 

:i3-S8:K(>71 

7>l>e ,; 0-12 

;‘,0-'j.i : 0 -*'‘.l 

May 

8-f)2±0*2I 

3t-93±J-(10 

7-:9l ,i (>! ! 

3 : i-10 

June 

7-51 ±(>27 

3.3-7l> 1.1 -09 

CflPfl O' ii 

1 ■ I'M 

July 

7’02±(>1S 


li'.'B' 1 »i- iO 

gvIt-'OOl 

August 

G-fiSj-OU 

1 OvSd 

■ o n 


S(3ptombor 

(>7S:}:;0‘2,'{ 

.‘tMi'i 1 IMIJ 

(i i't : (I'.'iT 

! O'Mt 

October 

7*47i:(>17 

:M-S9J 0-91 

1 0’::v 

llH-nCi ; 0 VO 

Noveml)er 

7*(«U 

nr.-;, 12 1 o-:}i 

C. 10 ' (t it 

O-'-H 

Decomber 

7*(i(!J:(M(i 

3.'>l(l i.O'SS 

(‘•■(io ! o-;ll 

nif.Mt ' fi .i:; 


It will be seen that in rams the varial-ioii in the mean peirfnt;M*e n!' luM'im'fl'ibin 
waslTom 6*52 (±0-15) to 8*()2 (±0*21) a, ml tlui,t of eeii volume IVom 'Md:\ { 
to 35*22 {±6'3I) and in goats from >5*1)1 (H::0*l'l) 1,o T'Oil ( [ 0*11) am! OrTi ( ; e*V 0) 
to 31*74 (il'30) respectively. The blood sampbfs obtaim'd from nuns woro rit Iht 
m haemoglobin and cell volume go iitimts than those fnun goafs. In }a»lit lie* 
species, haemoglobin and cell vohnne were at their I(HV«*st level in t in' munl i! of 
August. During this month, as seen from Table II, the, a\<‘i:u.;*’e air tempt-raJ to*' 
was high (85*9”E.) with almost highest relative humidity and high raitifai! (0*1! ul). 

Tablio II 

vafuit ion in average air fenignmitnre, hnniditff and rainfall 


•Oimiary 

February 

iVTarefi 

April 

May 

Juno 

July 

Al].£,uist 

Reptembor 

Octoltor 

N'ovcmT)er 

Deceiuber 


Average 

temperature 

TO 


5s-ri 

(ij-ti 

St}-7 

l)a*7 

u:}-5 

8r>-B 
8o-4 
79 '(> 
(iS'tt : 
fii-? 


Avenire 
pi’niful 
uf Jiumidit V 


SI 

S<’) 


O SMf 

um 

it- li 
!,■!! 
!■«( 
h- i / 
O'O! 
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For bciemoglobiii, tlie mtontib n^Piv/r t • 

tKe average air temperature was lii“h 
linmidity was almost the lowest and raWall niliS”* 

Bata collected under Tables T a tt 
lig. 1 and (Fig. 2). It will be sei^n -p ^ grapliically 'represented in 

air temperature, bumiditv and -n with the increase in tbe 

the haemoglobin and cell volume enn+ + rIT ^ <^oncomitaut decrease in 
trend of variation in the two blood of Wood m both rams and goats. The 

similar to that of bulls as reported previoSy^*^ external factors was almost 

The data summarised in Tabln T t. • y, i 

results of analysis are presented in Table^ III analysis of variance and the 


Table III 

of the anuly^is ^^ rianco of Mood 


of rams and goats 


Factor?! analysed for Varianoo 


Source of Variation 


Porcentago of Hf), 
Poroentage of cell volume 


Bfitavcon 

Bams or 
between 
(loats 

Beiiwoen 

seasons 



tt 

tt 

:|=* 

:ln|. 

1 tt 

tt 


Between 

Months 

within 

season 


irighly Hinnidcant for rams 
tt Biylily signiiieaut for goats 
" Not fugnilicaiit 
t Sigiiifieadii. for goats 

From this table it is apnarent ^ 1 ,^+ 

and cell vohnne among rams and aoatswiih observed in haemoglobin 

the_ variation in the two blood eomtifT 7 on+«^^f^ In both the species, 

As in the previous study, the months hnw ^ season was highly significant. 

viz. grouped into four different seasons, 

August to October . 

November to January 
February to April 
May to July 

m l 1 • -e , . ' * ‘ ' ■ (Summer 

ghly significant variation betfr 

!.aen.»glo]m, ,:«„to„te of blood in Lth raLTiS ma'tf ‘ V 
K, tween mouflis witliin season was found to be Adflf ^ ™ 

'• “ --A 


Autumn 

Winter 

(Spring 

Summer 
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two hlooi! (5onBt.it/iionta, critical difference (C. D.) at five per cent level between 
HojisouB was worked out and tlie results are presented in Table IV. 

Table IV 


(k/lical (bflmmoe at five per cent level ofi haemoglobin and cell volume contents oj blood 
in rams and goats in different seasons 


Value of 
C. D. 


Average of seasons arranged in 
ascending order 


i*(U'<i(>nl,age (jf H)>. in blood of 
raitiH 


I'orct'titago of Hb. in blood of 
goals 


Fcroontiigo of t.1, V. in blood 
of rams 


I’ercontiige of C, V. in blood 
of goats 


Autumn Winter Summer Spring 

1 (6-92) 1 i (7-71) (7-72) (7-74) \ 


Autumn Winter Summer Spring 
I (6-25) 1 1 (6«60) I (6-69) ] (6-92) 

4. 4. J- d 4- ! 


Autumn Summer Spring 

j (32‘9()) 1 (33-96) j 1 (34-21) 

4 + 4 . f 


Winter 
(35-07) I 


Autumn Summer Winter Spring 

1 (27-87) 1 I (29-78) \ (30-68) ] (31-23) 

u 4 4. + 1 ■ , 1 


In the table, seasons under the same bar did not vary significantly. It is seen 
from the table that the blood samples were poorest with regard to the two charac- 
teristics in autumn, In spring, the two blood constituents of goats and haemoglobin 
contents in rams were highest. Although, the percentage of cell volume in the 
blood of rams was highest in winter it did not differ significantly from that in 
spring. 

Table V shows variation in average air temperature, humidity indifferent 
seasons. 


Table V 

Variation in average air temperature, humidity and rainfall in different seasons during 
the year 1946-47 



Autumn 

Winter 

Spring 

Summer 

Average air (“F.) 

88-43 

03-03 

75-40 

90-60 

Average liumldi^'y 

()9-00 

65-06 

45-33 

54-00 

Average rainfall (^^^ inches) 

5-00 

0-52 

0-57 

7-38 


196 


SEASONAL VAEIATIOiT IN EAMS ANT) OOATS [W'l. XX'll, 

Sprino' was cliaraoterised by a moderate air tcioperatiin'. and ious'it 
and rainfall, wheroa.s, aiitumiilmda very Iiigliairteinperatun' with [unnHuiA 

and high rainfall (Table V). 

Data regarding sperm concentration per c.c. of sc'meii a, ml b'bil fnnidf!* <>l 
spermatozoa per ejaculate in different seasons, as obtained by Shidd;i. s.iid IdisHn, 
cliarya [1948] are given in Table YI. It is evident from Ibe la, hi'* tfiid' iIk*' ibf 
blood constituents, the sperm concentration and total nuiube!- of Hporniid.nzua. wt-rt' 
also lowest in autumn and highest in spring in both the specicis. 


Table VI 


^Seasonal variation in spet'tn concentration and total number of s‘pernm(tKi>a tn ru/tn^. 
goats during the year lOdO-J f 



JlauiH j 

(,!oill,K 

Sjjerm 

0<mc(ti\trfiti<»n 
per fi.e. (if 
semen 
(in luilli(inR) 

Total numbiT of 
Kpoi'mato'/.oa 
(in niillion.R) 

S|iiTm I'oo 
coni raft 111 

JH"‘ f!.(i. of .semen 

'I'ni.l! 
nttmlier oS 

!!(ti isii th s li.'t 

Autumn 

nny 

im 

moo 

;l i,i0 

Winter 

2702 ■ 

lOOO 

’ 200.S 

!713 

ypriiig 

2S14 

ISoO 

302.0 

2204 

Summer 

2302 

1027 

2010 

l.S7,H 


''“Data obtained through the eourtosy oi Mr. D. D. Hliuklu and !)r. I*. l‘,h!itt;ii-ti;iry;i 
The results presented above show that the treiul of va,riatioti iji the two blond 
constituents and seinmi characteristics during different seasons in ituns mid gonJs 
were parallel. FiiTthermorc, the trend of seasonal variation in the. iuo idt.<od 
constitnents were the same as that reported in bulls ])y Miiklierjee and BiKillmdiarva, 
[1947]. Thus, it appears that the effect of season upon the blood a,nd semen e 
was similar in bulls, rams, and goats. In these spiicies of fa,rtn animals, !d;di sir 
temperature a,ssociated with high bnmidity and raijifall as found in aiitumn broiedtf. 
about a deterioration, in the semen and blood characteristics studied, lis spini'*, 
when the atmospheric temperature was moderate with low humidity a,nd re:;atv 
rainfall, the semen qualities improved and the blood also be(‘a,im' rie-her in haeinn-h.bui 
and cell volume. It seems, therefore, that the me(jlia,nisms by which air jem}.,*ia 
ture, humidity, and rainfall affect reproductive function and idood cojediiueni ; In 
bulls, also come into play in rams and goats. 
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Summary 

Sea,;i()nal vario.tioii in liaemoglobin and cell volume contents of blood from ' 
9 I’iVrUM a, 11(1. 8 rmile goats were studied for one year. 

[i.-ninioglobln and cell volume contents of blood were higlily variable among 
iuiitnais and among seasons. 

.i.n botli rams and goats baemoglobin content was found to be highly variable 
between months within seasons. 

Cell volume of blood in goats was found to vary significantly between months 
within season but it was not so in case of rams. 

It was found that in these animals, the seasonal trendsdn semen attributes and 
bio(.)d constitaionts were similar. The quality of semen and blood was found to be 
superior in spring, f.e., from February to April and inferior in Autumn, i.e., from 
August to October. 
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A VfAJV SALMONELLOSIS 


S1?UDIES ON SALMONELLA GALLINARUM 

iiy H. V. Rao, 8. Narayanan, D. R. Ramnani and J. Das, Poultry Rssearcli 
Botdiou, Indian Veterinary Research Institute, Izatnagar, Uttar Pradesh 

(RetJeived for publication on 14 (Sopteniber 1951) 

(With Plates XI to XVI) 

^ iii'si, i>ul.!>r(sd\ of Salnunndlosis due to a motile organism in a commercial 

-8- lltxd': (tC fowls it> liwlia was recorded, in (,9P) by Iyer et al. [1950]. Prior to this 
only one, e, was i'ooovtinul from a single hcii [Cooper and Naik, 1931]. 

Ilowe.vio*. duck Mn-linonellosis was reported in, tlie Array Deveiopment Pimiis by 
,llao [lOIdj. nit.ii<‘,rtt> India had been, free from S. pulloruin/gallinarum infection 
in e,ltick{U)s tljoiigli Mie <li.sea,so is jwevalent all over the world. An extensive survesy 
initialed Ity Irhis Seetiou in 1915 revealed little evidence of its presence in most part 
<d’ India. In ilie. ye.ar 1950, thre(‘. outbreaks of Salmonellosis occurred in widely 
sc.j)a.rated areas in India. Two of the.se were due to paratyphoid organisms, while 
the iihird one. Wiis caused l)y S. gallintimm, the fowl typhoid organism. 

Powd tvj)hoi<l is a disease of young adults rather than of old birds and much 
!e.s,s of baby thiclvs. Brooke, s and Rhodes [1923] found that certain strains of 
R IliilliiKti'iim piMMbiccd in young chicks lesions indistinguishable from those of 5. 
pullorum infection. Jn North-Central U. S. A. the disease mainly alfeots young 
adults and rarely (sliicks [Bu,slinell, 1948], In England it is most common in adults 
but lias also be,en reco,i'de<l in baby chicks [Menzies, 1947]. In South Africa the 
diseasti is ej‘ratic, attacking exclusively one breed ou a farm or only chicks, and in 
others adults [Coh^s, 1948]. In Hawaii, sporadic outbreaks of acute form in chicks 
and cdironie, form in adults are reported [Fitzgerald, 1947]. In Australia adult 
UKjrtality due to S. (jalliaainim is unknown [Leyiien, 1939]. 

Reudette [1925], and Komarov [1932] isolated S. galKnamm from the yolks 
of clucks and ovaries of the adult hens. This made them believe that contact 
infection might re, suit between mature birds and carriers, and that the infection 
might be passerl through the eggs. Beach and Davis [1927] concluded that trans- 
mission tlu.’ough the egg was possible in the light of their studies on S. gaMinarum 
in bal)y chi(dos and the ovaria,n lesions in adults, the latter being indistinguishable 
from those causetl by S. puUomm. Egg transmission studies were made by Simms 
1 1945], tlie, oT'gauism being isolated from yolks of fertile eggs, dead embryos, ailing 
i>aby chi<3ks and from the ovaries of reactor hens. 

S. (jaUimruin closely resembles S. jmllomm. and it is difficult to differentiate 
Ibem. Van. Heelsbergen [1929], Manninger [1930], Miessner [1930], Haiipt [1930], 
Wu,gncr [1934] and other European workers have, considered, the two organisms 
iflentioal Sraitli [1915] and Smith and Ten Brook [1916] worked exhaustively on 
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the two or^iinisma aiul, whilo rocognisiii.^ tlioir ns m/Gnl.s- ifn ir aiGnt inr 

slyiictum, n()tedtluidirtcrGn«('- iiv tlvo ( 5 arl)uhy(lrid.c, lonit(Uit,;U,ioii, surli [U'lMiiu- 

lion by >S'. •pulloi'uui, and termc.ntation of midtoao by X. (fulhthtniin. ilatlifN ii gL 
[1917] i‘e,j»ortod infoctioii in adult fowl duo to iiou-gaH pi-.Hluoiiig typi'. of |)uii»»ruiM. 
The gaa producing type baa come to he known as N. ii/illon/Hi .1 ond non g.i 
producing type as X. puUom'm ‘71’. Mualow [19191 found fdiiit cei-lain airaniN 
of kS. pxillorum ferniGiitod maltose dnd lionco suggested duleito! as a. InOter diileren- 
tiatiiig sugar.' Hendrickson [1937] concurred with Muslow in usina henin) w.Usrf 
as a basic niediuiu for sugars. He iittribut<Ml j\Iali(>s(^ ftn’ineutidiou by X. 
to the materials ami methods cmjdoyed for the. euhivaiion oi idie nrgaui.-uo a, ml 
suggested peptone water instoad. Ho (sonsidared B. g;t,l!iuii.nim a.s maJlosi', duhdtt' 
and dextrain positive. Van lloekel [15)37] isolated strains of N. /ndhuao/? wlshb 
fermented maltose within a few hours. lliusb;t.w |15)111 sliow^^d by (armenbiiioii 
of carbohydrates that there we.re several sub'speeies in X. j/irJIonfnt aaid tiiillniunth’ 
groups, like X. pullonim internuHiate., tyi)e ‘ A’, wliie.b proiliiced ariil a.nd g.i.i in 
maltose, rlulcite and arabinose, and X'. p/dZo/u/./a i?dertiiadi:de. ' H ’ wbieb pnaluti'd 
acid only in maltose, dulcite and arabim>se, but none, of the two fermented !»*..* 
in addition, lilce S, gidlimmm.. 

Ex'jm'imenkil work 

EpideMiology, In the iKiginiiing of 1950 <*in junite ontbi'eak of foul !\p!i.tid 
occurred in a largo poultry farm. First tlie, adiilte and la,ler the bii.by ebie.L.s uece 
affected perhaps in cohsequcnc.e of hatcJiing from 1ii(^ eaa-rif'rH.' 'Phi.-; nt;t.de ,i. i-Undv 
of its various aspects ])ossible for the lirst tinl<^ in India., The. di,si>a,se ajttva.d m|>idiv 
into the majority of the breeding pen.s. ‘Plie birds in full law were ibnud dro qr* 
ruffle foatherod, off’ feed and reluctant to move. iSomo h.ad’ ma.tie(i tlnlf dm* to 
greenish- diarrhoea which devedoped in birds tlia.t liiigenvl on for a few da,ys. ‘fife 
temperature wa.s 1 to d'”* F. above normal, «!oinb a.nd watlle.s !ieea,iiie cv.-niofie. and 
death supervened after a coujffe of days of ailimuit (Plate ,XI. lig. L) 

The early case.s were peracute for the iir.st two weeks a, ml later ffn- ra!*- of 
mortality decreased and the course also biu‘,anu‘. prol.ra<‘t.e.(|, t.he. syiiipjont;'. tseim- 
pallor of the comb and wuxltels and profuse, grocui dia,rrhnea,. Pendim> .b.i-on 
the spread of the disease wa„s checked by d(q)()|)uh(,ti.tm of th.' visibly alVe.e.n*,! iurd- 
and sanitation. Qffie probability of food poisoning was Himinattsl bv bio!o* iea| 
and cnltnral tests. ' ' 

Post-mortem, findings. Over a lumdretl ])irds w<u;e aait.opsied .Xo ‘Oieei'd 
lesions were noticed in peracutc cases and tim Iffood wa.s ntwativc nmler ih^ mien,' 
cope for orgam.sm.s. Jn cases of delayed mortality a conumni llmngli m.t eotnf.no 
lesions was a linear band of haemorrhage varying from 3 t.o .5 nmn. itt uhhh n ih,- 
sub-mucosa of the proveiitriculns near the gkzard-tmd. O.ma.siomdiv ih-or w-u- 
necrotic ulccns in the horny epithelium of tlm gkmd. hivor w.i, m.l, u-m-d .-ml 
friable contanimg numerons ydlow or grey necrotic bxii, almoht .dmilar to i!m h- „u,i 
seen m diffuse lymphomato.si.s Pericardium showed .MU'otlbriitons .idiir. inn ;ut.l 
in the heart wall large mmrobic loci a.s big as the seeds of gn,rd.m pe;r. wmv ob-.-n nd 
Ihe spleen was enlarged being more than tbihm (Jm normal ske w it }, mmm.on - ,m d! 
areas of necrosis, or at tunes studied with uuilti}>lc nodules. A(mle cases •howi-d 
a severe haemorrhagic follicular enteritis, while in more prolonge.i cn.es circular 
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ulcct.',s \\(Mv ()byi,‘i'V{j(! in. the nllo.oted ])ortions particularly near the terminal part of 
tlie intestines. I'liii gall bladder was usually distended with very dark green. l)i]e 
;i,nd tlu^ sann* was noticed in the (laid evacuatioiis. About tlio thij’d week, involve- 
ment of tlie. ovaries we.re noticed in a few oa.se.s. Most of the ova were healthy 
but one or two bluish or .greenish angular ova could be noticed on minute examina- 
tion. (Plate XIL hg. 2 and Plate'XlV, fig. 5.) 

Ailair the ee.ssation of mortality, cases of ruptmed liver and yolk peritonitis 
were often seen in tlu'. ■posf-'morl.aiiis for over six months as a sequel to the disease. 
(Such live.rs presented a mass of cicatrices of healed lesions with chalky deposits. 
..‘\fter a rcnuovat of the reaettUB, from surviyons o.l'tlu5 flock,, cases o!’ yolk peritonitis 
decreased, hut those of ruptured livers persisted.- The liver cultures wore however 
noga,tiee for Salmonella. 

Th(‘. avera.,ge hlootl picture .of adults in jieraoute cases showed 
the following counts • 


Erythrocytes 

2,300,000 per c.niiu. 

Eeiuu»cytes 

138,000 „ „ 

The .Leucocytes .sliowed 

a lienvy increase. In one rare instance the blood 

smear sliowed organisms. 

Jvi’mi/c difforntial coimt 

Neiitroiiliiles 

66*7 x)Oi' 

Eosinophilt\s 

1*9 per cent 

Basopliiles 

0 per cent 

Lymphocytes 

24 per cent 

lilonocytes 

7*4 jier cent ' 


The abov(‘, ligures, which are tui average of seveue.1 series of o])servat.ions, show 
decrease of lymphocyi.es and increase of neiitrophiles. 

In subacute cases the anamuie. changes were so ]»rofund that blood appeared 
•watery. Tla^ heart tis.sue on examini).tiou showed disintegration of tlie muscle 
fibres and infiltriition with tuono-nuchuir plasma and inflammatory cells. The 
liver showed disintegTafion of hepatic vessel walls and inHltrat-ion of tissue with 
inllammatory colls in iuuitti and peramite ca.ses, whereas in ohronic oases fibreoblastic 
changes coupled with necrosed areas were evident. 

In acute oases the hrsions vrere not characteristic enough for a diagnosis inde- 
pendent of laboratory tests but later, enlargement of the spleen, lesions of the lu^art 
(a)U])led with the a.bsonce of the organism in the blood suggested fowl typhoid. 

hb/z/i'p/fuas (Old U^fdoiis in hahi) c//vV7os’. A natural outbreak of tlui disease in baby 
ehieks in the lu'ooder house eau.sed 21 to 63 per cent mortality in different p(ms, 
starling from the sixtli day with a jieak about the ninth day, and then {Uicreasiai 
l>y the third week. 

The morialit}' iti thti naf.ural outbreak in adidt birds ranged from 13 per cent 
in Wdiitc', Li'ghoru to 21 per cent in Rhode Island Red birds. The male birds suffered 
miuih less lha,n the female of the same breed. In peracute and acute cases there 
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xxn, i’.M'! HI- 


vjQm no cliaractcrisfcic vsymptoma or lostons, th<»Uj[f|i 1'lu^ (‘otilO 

rocoverod from, the liver and heart blood. 



When the coirrHO was prolonged, the ehieke were (bund to huddlf .uoiio-i (he 
liover, while a few isolated themselves showing niurhetl {lyspnoea n.nd dioMMinr 
Diarrhoea was not always present in' (diiuks less than a wtndv old, Init oldrr ittn-. u;oi 
greyish fluid <‘.vaeiiations and pasting (»f the vent, 

Tn acute cases no lesions were seen, but in mont> protnuded cuios i in* tiu-r ■bi!n\Oii 
multijdc pin-point haemorrhages, green, and yellow stript's of df;.»'u!uur.u ooi, or 
miliary necrotic foci in varying degree. Uiiabsorbtid yolk with a ; toi-m h 'diccu, 
lesions of greyish white necrotic nodules on heart wall and ilisi.ordon ol ii'. '•iiai.c 
were also observed. In some, stripes of petic-hiac in tim [u-ovent rMoiiu- ,n Hio 
gizwd-end, lung lesions ranging from a slight conge, stion lo jjm'tunofd.i oo-i r.nf 
lesions of irregular neei'osis, or scattere<l white uoiluh'.s wen* Ibuml lb. jn'roiirni.il 
infection assumed a peraouto form and liemio hvsions wro* mU oi.ri 
(Plate XTl, fig. X) 


ExpmmoniH with chronic carrierr of k^ahnonclla ifttlliiiKnan 

Twenty eight reactors were reared in isojation fur {bur mnnlhs lio- r nM ui. it 
observation. When autopsied there were four ‘ no lesion ’ case i, which m- .H f\ , 
for cultural tests us well. Among the rest there uere si.'s: (tme r,ocl .tie! I'uc iicus) 
whose end titres ranged from 1 to 20 to 1 to80. The reimuuijig bird.s all ; Imwun' 
high titres up to 5,180 and, were culturally p(tsitive. Tlu' e*te.k bird .-htjwc.i hc.dcd 
heart and liver lesions, hut was culturcllv neg i c. 

Severe clironic ovarian lesions (Plates XV and XM, tigs. 0 and 1} uciv ibund m 
the last group, wliilo the low reacting hens sliowisl but tme or two aitcnaii d tun 
with abnormal yolk contents. Organism were liowcver I'egularlv rcro,>'icd fVoiu 
them. 

SiiM'inufij of Jenious %n chronic cumern. I'lie h'sious wlucit |\vcjc j,* 

ovarian dyslunction were typical of Salpingitis, as de.s{*.ri!»sj by lUuKc.t 
caused by 8. 'puUorum, ami wore seen in fowl l.yplmid as sveil. 

W^Akicliori of Itcactorn, The aviu'uge, e.gg pnalueiiuii of (he ibno il.jc'. swt ', 
over GO per cent during Ftdnuary, Manih, April ami May, but Ibr f he .s..,i;ic pci i<n! i he 
reactors averaged ID'S per cent during the lirst im»nt.l( but later the j.ceiiir: soa 
dwindled down to zero in the course of a further ihrett immths, when ihi-, ri.- 
troyed for cxainination. 

Incidence of the (liscane in hritchcit front, currier cjffjn, A pen o!‘ ;M ri^u fur nen - 

were mated to a reactor cock and 4-8 eggs from this [kui were t?oi!('cic>l Tie- ..heii 
were disinfected in 5 per cent warm solution of deUoi ami dried, an.! iTu-. d m, ,i 
email incubator and the resulting hattdi wyas brcKuled in istda.! ion. 

The results ol the incubation were as Ibllow.s !“■»• 

■14 or 71 percent fertility 

■■ O' 

'lif • ' 

■ 0 or 17.1) per mi% .• lijituluiTifity' 


Infertiles 
Deatl germs 
Dead embryos 
Number hatched out 



ova 
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l^oiir out o{ t]ic Hix cliicka were seropositive after 12 days but heart blood and 
live.!' wer(', sterile. Tlje oru-unism was recovered from the livers of the two 


t',hi(;k.s whieli were seroue.w’ative. 


Bacteriology 

Imlafiott oj tJir organitinK from the. heart blood and liver. The organisui 
was isohiled IVoin acute eases from the heart blood and livers of chieks 
and adiills dying after a brief period of illness. The colonies on plain agar 
a,])]H*ared a,s fine granular pin-point in 24 hours and developed into smooth glistening 
tjuiisiiicent hemisplicres in 48 hours of incubation, and later they varied from round 
to angular. The heart blood usually yielded a pure culture, while liver cultures 
soinetiines nu[uired sievitig through brilliant green broth and plating on to Macconkey 
iiuHlia. 

I soldi /<m. from the oraries of the reaelom. In <aises of abnormal ovum, culture 
was obtaiiK'd by searing the ovi.sac puncturing and pipetting out the whole con- 
l.euls into brilliant; green broth, about 200 c.c. per ovum, and incubating for 48 
hours and tlnni plating on to Macconkey for rocovory of the organism. Where 
lesions were nut well marked and the ovary was found arrested in its growth, the 
biimdi of the. immature ova was tritutated and transferred to a large quantity of 
t.e.t.rat.hionii.te brtdh IVoin 2t)0 to 500 c.c. depending upon the size of the bunch and 
incubated for 24 to 48 hours beibi’O recovery by plating on to Macconkey, By 
these, t,wo methods 19 out of 24 ovaries of reactors yielded positive cultures. 

isoldtitm of the. or<]anism from e(/fjs of the Reactors, Thirty-six eggs from a pen 
excuisividy of (-arriers were eultnred in live batches. The egg's were opened after 
washing in 5 pm' cent dettol, dipping in alcohol, flaming lightly, and opening into 
a sterilci peti’i dish. The whole yolk was spooned out into 200 c.c. of broth, and 
incubated for 48 hours, while the white was disearded. The organism was recovered 
on Maecmdvey plate. 12 out of the 30 eggs thus cultured gave ]>ositive results 
which prove, s that over 30 per cent of the eggs laid by carriers might he infected. 

IsoUtUon from the intestines of baby chicJrs and mhilts. Materials from the duode- 
num of baby chicks with white diarrhoea, and from adults slmwing enteritis were 
imiubaie.d in .siqiarate isolation ex]uu‘imeiits in. terathionate Imith ti> which brilliant 
green in 1 to 50,000 pi'oportion had been added. After 48 hours of incubation the 
organism was rm;overe,d on Macconkey meilia in the usual way, hut several sieving, s 
were (‘.ontinued through the special media before pure culture wa.s obtained. 

I)idcnliJi(afion. of S. gallinariim. Tn all cases of isolation on Macconke}" plates 
line white colonies were picked up and sown on agar slants serially. Those colonies 
whicili yiidded nou-niotile gram .negative slender rods were tested for their antigenic 
s[)ccificiiy by iJie raj)id sm’iim method of Stafseth and (iarbutt jl940] before, stih- 
mitting to primdpal sugar tests for confirmation. 

Rathoymiiriiij, Babbits a, ml guinea ])igs were killed in 48 hours })y the snb- 
euiane.cus rout.i'. e.vimfmg septicaeinic lesions of an acute, haemorrhagic type on 
hi'ari . ,sjoina,<di, and inie.stines (Plate Xlfl, fig. 4). It proved fatal to pigeons after 
il\ed:ivs by llu*. intramuscular route. The pigeon went <lown oti both legs and was 
suppci'ting if.judl' on its out-sju'ead wings on the fourth day. The ‘yost-mortem. 
findings wenn large areas of necrosis in the, pectoral muscles at the site of inoculation 


BTiwnns ON (Jdiuxj/irj/ |Voi. XXH, P;mi III 

and jumte arthritis of win^r and limb joints. Both vvhito and \>UmU ral,-; u.sv n.si , 
tant. A Jiiortality of 50 }mi‘ oont was (d)sorv<ul in adult fouls u'hni infr.-f.-d i.v 
mtrarjruLsouIar roiito, birds sucic.undn’nf^ from 7 to II days. Tims* hr.'dihs in/. 
i.<.pfc successively in the same cajU'c wlien^ f)revions{v si(!lc birds iunl been coniirrt-d 
became soro-positive in 1 1 to ]5 days but th.‘. infection u.as sub ebm.-n,b Ih bom 
oroti, culture of tlie organism in dilution corresponding to Ib-ou n'.s siandard ojcum v 
TiUDe J, m O-l c.c. dose sidmutaiieously fu-oveii md on' rni/ fafa.l in b n, b d.u . fo 
SIX one day old baby clihiks. Oral dosing of tln^ cultuiv susp.msion in u o ,■.*/ 

^ ii- ^lAV-old chick, with two suivivm^ muom. 

■he ten birds irdt'.cted, which also jioeame sero- positive, after eleven duvs Tbtv- 
Hicoutact chicks with the above lot died of the dis.Mse iu 7 lu III dm orMui-m. 
ociug recovered irom them. ‘ " 

Oi'ai (losiii). of tiu! oiiltore »llsjion«iori (l...■iol•il„.,l iihovo. ul.m., n il i, a Hi , ,.i,i 
sodium .solution of .siil|)liiuno/.,iHiiiio in drinliino «uf„.r iit O-'J lior ivol l.o.'l of il„. 

uilvd nSl in """ "i"”' li . I, I„ 

' • ■■■• 



mudii'’' 

Mleiidor gran, nogativu, non-,„otil,. „,d,s nit], ,.o„„d,.d oiid.i. 

: (mltural characters :*~- 

.V/’coW6^s^•™M (ire, ami d.mie »;h.mMM| 

/VmsA«d:--^Thin grey streak, moist with irremdar mmmn 
Broth ;~--lurbid udtli heavy iloee-nlent sediment. 

y ,, y , 

to detoraiine aoid ,,rh,nd.il,n''fi;yS:2 And, ..o,,. . 



mannose, Jaevuluse xylose rdlinose ’ . " ’ '‘‘‘''I'’.''*''*' if.-, 

Ss;"- 

•* ■•> 

the t.tres were found to be as high as 1 tr '> n n “ 
were a small ],m,o„tago of bitils fo,,, niontli’s A,''l'l',"’"'' I "’ 

as low a,s 1 to 20, 1 to 40, and 1 to iSO ' *i t * **'b-bre;(k v\ it h cud nijv'; 

bofora agglutiniils could’ ™ '''' ' 

timns could only l,o nc-rccivcd iHii.ilInA, H “("■'''""''■li'l fondiiioi, , ......h, 

biiied-cuituras 4 aiiiiz i" "-‘i 
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Tube test iisiug the antigen S.p.l7A (a, staiirlard Hull Que strain of ^aJmovdho 
pnllonf.iN. recKiived through the courtesy of the Dominion Animal Patholf>gist, ( 'aiiada) 
wuvS positive to complete titre with the natural serum from, the reacting l>ird, 
similarly both chick no. 580 and adult no. 399 antigens reacted to complete titre, with 
the immune, serum prepared from stock culture S.p. 17A. The same serum S.p.l7A 
absorbed with chick and adult antigems was found to be completely free of the 
Iiomologoiis a.gglutinins, conversely the adult ho. 399 serum n.bsorbed with the 
homologous ajitigcji failed to agglutinate S. p. 17A and chick antigens. Reciprocal 
absorption test using rabbit a.nti-serinn prepared in the laboratoi*y resulted hi com- 
plete absoT])tion of agglutinins hir the no. 399 organism as well as the staiidard 
stock piillonon organism. 


Discussion 


The course aiul Pod-nior/ein (c.^ona, — The course and lesions in adult fowl and 
baby c.hick duo to S. (jaUinuruih. arc similar to those described by Bushnell [19.18], 
with minor flillerence like the presence of a band of haemorrhage in tlu’. sub- 
mucosa of the ] u’oventricnlus and cyanotic instead of anaemic conib and wattles 
in the adulk The latter has been described asv a rare finding by Van iStraaten 
and To Jlciincpee [1018]. The classic bronze coloured liver ascribed to this- disease 
as a diagnostic, lesion was seen only once in over one hundred performed. 

Expert with lieador hens.- -The results of hatching from reactor eggs 

showed a 82*3 per c<mt embryo morta.lity, and a 33 per cent infected hatch in extreuio 
cases of a totjil carrier flock. Fiirtlun-, the organism was also recovered .from 3G 
per cent of the carrier eggs in the isolation experiments. These findings arc in close, 
agn'cnient witli Simms’ work [19'.16] in wliich he reports 37 per <3ent of hens from 
inoculated gr(uip and 27 pcj- cent of bii:ds i-cicovering from, a natural infection laid, 
infected eggs. 

Fathofienicitys — 'idic organism ])rove<l eipially pathogenic to baby chicks ami 
a<lults und(;r natural (U)iulitions, though tlie disease has been described as of the 
young adults. The. reports about the susceptibility of pigeon to S’, gcdlmmun, 
is variable,. Rushneli [1948] stab'd tluit guinea pigs were very resistant. Klein 
[1889] and Luc.et [1891] wore unable to infect pigeons even with heavy doses of tlu.^ 
.suhciitmiGoiisly, while Moorc' [1895] and Pfeiler and Roepke [1917] provtvl 
that tlio pigeon wa,s vulnerable. The organism under discussion is very fatal both 
to guinea-pigs and pigeons. Similarly, the susceptibility of i‘abi)it is reported to 
be low by Pfeiler [1920], Hinshaw and Taylor [1933], while our organism has proved 
lethal to rabbits even in nvimitc doses of 0-2 e.c. of a saline suspension with turbidity 
adjusted to Rrown’s standard opacity tube No. 1. 

Sulphamezath'ine in Fowl Typhoid . — Sulphonomide drugs ]ia.ve b{?.en taled by 
sev(u’al workers with conilie.ting n^sults in P-iwl ty|)hoicl [Bushnell, 1918], a, ml Idie. 
experiment umhu'-i-cvicw showed that it is m»t of much value. 

of the oiyjmdstn. — The chick and the adult bird organisms are. 
tie.al with the standard E. pulloru m stnim of Hill ('miada. 
Both the non-niotilc m'gaiusms c.ould be differentiated from S. /ndlortmi type ‘ .V ’ 
on the ba.sis of not forming ga,s in sugars, and from the non-gas forming or type, ‘ B ’ 
of pullorum l)y the, quick fermentation of maltose, diilcite ami dmvtrin f !.l<Mi(li'ic,kson, 
1927]. 


m 


HTUiUKS on |V(il, XKII. i'-*’’- 


^lll, 


Both strahiK diflcr from tJie mtcrmo<Hiitf‘. (lypo ‘ IJ oj [tulhu inn l»> Bo* | nu 

tation of xylowo and dextrin and from mt(0’nnMliat(^ typo ‘ by ilo* rotu font ih o j 
of gas as well as fermentation of xylose and. dextrin. Tliendori* tin* \ 
adult strains are idcmtical and Indong to tin* same speeit's X’. ijnllnuu'iuii . ( a / 
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The disease was however completely ermlicatnd by live rofx'aled montidv teas 
with an improved rn,pid whole blood antigen ( |{a,o ItlfiOj. 

Summary . 

The occurrence of an explosive outbreak of fowl typhoid, whie.h look a heavy 
toll of the breeding stock on a large poultry farm, for the first time in ln<|ia i-; d»*s- 
oribed. 
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A virulent strain of the organism was isolated from eggs, baby-chicks and tissues 
ol the adult fowl, and classified as S. gallimrmn. The outbreak was controlled 
and the disease was eradicated by blood testing of the stock. 
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(With four text-figures) 

^I’lwle'-Vw'ifh “'’“‘“Kio"® 'lisoas™ in Madhya 
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Table I 
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contagious du 





— 

1 !):5(! 

T!);57 

l!i;’,8 

i 102!J 

' 1040 

' 1041 

1042 

.»« 

1044 

1045 

1040 

\ 1047 

' lOli^ 

1 10411 

) 105(1 


-li-huleriKisI, 

1771 

I7!i;i 

1214 

I!)05 

177S 

010 

728 

iiris» 

1015 

1007 

170] 

400 

210 

14.80 

0.42 

-18141 

Hnoiiinn'liitijic .SfiiKitjatuiiiu 

1218 

1 x-t 

1500 

"02 




801 













sLO 

<o4 


*.88 

:140 

1 210 


507 

502 

027 

1 iif)55 

.niiidknu.'U'tpr 

I'JO 

1084 

517 

100 

122 

,802 

402 

078 

200 

127 

75 

210 

507 

,200 

221 

r»r).“)rt 

Antlirax 

ISI 

77 

125 

no 

178 

111 

202 

107 

28 

22 

10 

22 

05 

20 

10 


li'tKtl iiiid Mnut-li 

no;) 

2440 . 

1782 

(1204 , 

5027 

0202 

520.8 


2108 

1412 


1702 : 


2057 

1522 

-rdUiss 




riiideniest litKonon-bufrlr' . . in the iuinual nuniher of outhfenks of 

iliere lias heoli no anthrax and foot and month disease while 

■iuotiot, iiitl... inuiibe,' of In f " 

imiior the li.e ii ( ,|| nt i ,' ''"''''fiiks 
loilowing s,,eoml mstrnctions to this ellect, 
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Seasonal Incidence 

Ihe outbreaks of all the diseases were compounded inonthwise to det(‘rmine 
tile seasonal incidence 

Table n 

Ouibreahs of diseases mmpoumled mmithwise 
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133(57 
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7004 

2100 

030 

1382 

1008 

146:! 

1100 
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March our-DreaEs ot rinderpest occur during the months of 

T "'V® ® !»"' «W> ill Nov,. nib,.,- 

inontlM of coiiicidt® vviUi t.lio 

- ' I July and August and the disease then abates registering a low incidence 

^ marked rise in June due to tlie onset of rains, and the 
Ltf. .f ^ ^ abatement and subsequent rise is similar to that ol' black- 

j 1 er and anthrax. In the case of blackquarter also the acme is atbiiiu'd in 

Srax't^' f August, •\^>ilh 

AiiL isTand •" ^^A,h the rainy months from June in 

August and the acme again lies in July. Lastly, as regards ‘ ibot and mouth ’ tlic 

Jdenr f February and March and iFen sliows consi(hu*a,f)l(‘ su))- 

horn the month of .December onwards. Calculations to show that iJic hirdi incid(.nce 
of Lontagious_ diseases during certain months relerred to in purticnla^ above as 

si Ttist r' ir rinderpest in November and December, can be held tc’, ho 

statist, ically significant are detailed below : 

Btatistieal significance of the chance factor 

formula given below the value of bf in tlu> different 
cases IS specified under the respective heads : <'ni( ii(it 


=mean of sample 1, 
N^=mean of sample 2, 
and SX ^standard error. 


(XI— X2) 
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ftopto.m})Gr, 1 952] 

1; RiivleiyoM- ~ 

(ft) arnl S'efyto.mber {niontbs of 

liigb(‘st Jilofcloiide) 

(h) Novoiiilna'' {iiul T)(*f';('nif])(‘r (uloritbs- 
of !()w<\st, in.ci(i(iric(') 

2 . IlariHon'Itagic (tepluwmm. — 

July and Augusit (months of highest 
incidence). 

3. BJaahquarter— 

July and August (months of highest 
iiieidence) 

4 * Anthrax -■ 

,!uu(s, July and August (months of 
higln^st incidcmce) 

5. Boot and nioal/i dis'case — 

Fehruary and .i\lu,rch (monihs of 
highest', incidence). 


t=2*3j sigiiific'aiit a,t 5 per cent level. 
t,=r3--4j. signlfK*:aitt at I per cent hnud. 

t =:6‘5,- significant dt 0-1 per' Cerit leveL 

t==7-l^ significant at O'l* per cent levtuL 

t=3-7, significant at 1 per cent levei. 

t=5‘4 significant at 0*1 per cent level. 


JdlVlKIONAL DiSTRU’.UTTON of OuTBKEAK.^t 
'riio I’espi'ctivo numbin' of outbreaks of each disease in the four divisions of tile 
stat'.e weri', found out by adding up the aimual district totals for the years 193(> to 
1950 and the mitnber of outbreaks per 10,000 animals and 100 sc|. miles area during 
tins ])(n'iod Av<n*e worked out to get a comparative idea, of the incidence. (Calcula- 
tions wore, also nia(h3 on tlie basis of the population and area of the whole of the 
state a,nd it 'w'as ascert.aiiied tliat tliere were ()8'4 outlireaks per 10,000 animals and 
9{M outbreaks per 100 s((. miles giving annual averages of 4*5 Jind 6*4 outbreaks 
respectively. Tahiti III and map ])elo\v show' the divisional distribution of out- 
lireak,s. 


Tabi.is III 


lUtyiswrad MsfHbution of the numher of (mthrmks 


Kaine of I'llvisiun 

Oatno 

popUla- 

J1 

Itimlorpcf.st, 

Haftmorrhiitjic. 

Mepticaemia 

Bliu-kquai'tor 

Anthrax 

Foot uiid Month 

Total out- 
breaks 



|| 

Is 

O S 
^ o 


P 

|^".3 

i 

il 

Hi ^ 

Total out- 
breaks. 


Ij 



1! 

.ialialpiii' (livi.iiou 

;u> 1.7445 

•druvas 

■UW.i 


! 7 -i> 

•i'.w;'. 

(bS 

0-2 

UW 3 

. 1-7 

(bii 

r.iiCi 

VO 

1-4 

12282 

•, 54-9 

4 7-8 

Naf/jai!' tlivisiou 


i> 7 d,S.l 


CM 

t 5-5 

2<.m 

SM 

10-7 

20 (i 5 

8-2 

9-7 


1-44 

1 -71 

1 :if )8 1 

4 - 2-2 

r.d-i 

I’airai' ilivihiou 


I 77 t ;7 

1 !>77 

8 -S 

111 


;ir .-2 

10-0 

H 08 

4 -:i 

r.-oa 

uto 

< 1=74 

(l-Od 

9:.:;8 

42'8 

Mt.f. 

( 'UiiatrtM'arh divi- 

4 ti:S 7 i;U 

•r,' 7 ip 

7 : 502 ' 

15-7 

m-’A 

^ 


7 -a 

12-0 

j 312 

jO-Ml 

1-12 

i 087 

L. 

4-4 



44 -:. 

71-4 
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Both .rindei'pest and foot and mouth diseasos are more (‘.ominoii in (.ddmftiH" 
j>'arh division, due probably to it being a rice growing calcium dclichnii; arcii w licit', 
cuttle do not thrive thus leading to regular hujiort oi’ cattle IVoin outside for n-pluee. 
inetit with con,s<M|iUint:ly more ohatice of dissemination of inrection, and, also, in 
putt, to the greater relative density of cattle jiopulation in the division. I laemonhu. 
gin septicaemia occurs more in Berar whivre the rainfall is on (lie whole low (;»::! in, 

;>1 in.) as compared to other places. Blackipiarter is commonest in flie Nagpur 
division and the disea.se is of little consequence in Chluitti.sgarh. '.riie incidence of 
aiithrax is coinparativoly low ail over the p,rOvinoe tliough ihorc outbreaks occur 
.ill the Chhattisgarh and Nagpur divisions.- 

.Incidence or DrsEAsi-iis Ac(.’QKj).iNG to Rainfall 

The Madhya Pradesh can he divided from the point oi‘ vii'w of ruinfail into 
three regions :-'(l) .'12 to il4 inches; (ii) 42 to 52' inchi's and (iii) 55 tn (in inches. 
The re.spective nuniher of outbreaks of dilferent diseases [rer 10.00(1 bovitu's and 
100 sq. mill's area, daring tlie period under review in the regions, ure given below. 


TABfUO TV 

Imdilcucc. of dimm's (uwt'dhifi to niiiifall 


OCTISH M.MvS 


.HeHlou 

ItiUlllM’ 1 

past 1 

si‘|itii-iuniii;i 

IUiinkf}tiiirli‘r 

.V nth nix 

I'linl :Ulii Millini. 

I'CT 

ItMlItO 

liovine.s 

100 Si(. 
mili‘.>. 

IVi' 

It), 000 
boviiii's 

Per 

100 ,Si|. 
miliw 

I'nr 

; 10,000 
ItovintiH 

Itio Sl|, 
luiliss 

1 10,000 
! tlOVilH> 

I'tll- 

100 Stj, 
miioN 

10.000 

ion Sij. 
milt". 

liffiioii I (4 .nnn-ii'ts 
(:i2 ill. to :!-l in.) 

io-:i 

n-i> 

ir.-t 

i7-!) 

« 

4-!t 

o-no 

o-sn! 


•Vt-.t 

■lU-Riim II (D niH- 
ti'ictu) (4i! in. to 
in.) 

la-s 


7-r. 

Itl’H 

4v4 


1-1 i 

1-0 

•! 1 


Rn.iiiou J 11 (4 Lis- I 
tiicts) (')!') ill. lo (i.% 1 
in.) 1 

in-::!!-. 

Iii- in 

,'^•0 

11-4 

2-7 

4-0 

1-S 


::o-;! 

1 :• - 


Rinderpest is less common in region No. 1 (32 in.- -54 in.) Inu'morriiagic si'pli- 
caemia is, however, more common here as compared to t,he otTier two regions. Out - 
breaks of blaclajiiarter occur mure in region No. 2 (42 in. to 52 in.). The. imadence 
of anthrax is highest in region No. 3 (55 in. to (55 in.) while that of foot, and nmul h 
disease in this ai’ca is on the other hand the lowest of tlie lot. 

BrSTUTIJUTlON OR DlSKASES A('<'ORT)rN(( TO AGRlClrLTUilAL ZoNlW 

The Madliya Pradesh can he divided into three tracts on the liasis of (.he princi 
])ai crops grown wdiich again is dependent on the nature of soil etc., in the 
tive ai’cas viz., {'i) cotton tract, (b) wheat tract, and (a) rice tract;. 
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IV(0. xxri, ir.ii'i ni. 


Table V 

JnoUlPjicG of (lisp'MCft (urordiuj/ to AifricKUm'ttf 


Outbreaks 



Riudo.rpost and antlirax aro inoro cntunxm iit <ln‘ Intel , li.ietnitn h.i'/H' 
sejtticaomia in the cotton tract, hlackqujirtcr in the wlii'at iraef, .mikI Incii atid h 
disease in the cotton and rice tracts, d'hc incideiici* (tf |j1:tclo|u:iflcr is vtTy lew 
in the rice tract. 
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AN IMPROVED SALMONELLA ANTIGEN FOR THE RAPID 
WHOLE BLOOD AGGLUTINATION TEST 

By S. B. V. Rao, Poultry Researcli Section, Indian Veterinary Researcli Institute, 
Izatnagar, Uttar Pradesli 

(Received for publication on 14 September 1951) 

occurrence of Salmonella pullorumigallinamm, S. aertryehej and certain 

members of other paratyphoid groups in commercial poultry flocks in widely 
separated areas since 1949 for the first time in this country, has created a serious 
hazard to the growing poultry industry, and a potential menace to public health, 
and has made the study [Rao et al,, 1950] of the various aspects of the disease 
possible and its control imperative. 

Eifty-two strains of Salmonella pathogenic to man have been so far isolated 
in the U. S. A. from dried eggs, chickens and turkeys [Soloway et al, 1947]. Even 
S. puUonm, which was considered host-specific to chickens only, has been incri- 
minated in several cases of human food poisoning. [Mitchell, Garlock and 
Broldmhn, 1946 and Judefind, 1947.] 

The control plans of Salmonella pullorumfgallimmm primarily aim at the 
elimination of the infected bird by any one of the accepted blood teat methods, 
viz. the slow tube, the rapid serum, or the whole blood agglutination test. On the 
contrary, paratyphoid (motile) organism, usually not being yolk borne, does not 
seem to create such a serious ‘carrier’ problem as its spread is by shell contamination 
or by penetration of the shell during incubation [Schalm, 1937, and Wilson, 1944], 
The yolk-borne nature of S. typhimurium infection recorded by Wilson [1949] is 
considered as exceptional and rare, the motile* organism as a rule being localized in 
the intestine and occasionally in the gall bladder [Buxton and Gordon, 1947]. The 
egg-shells become infected by contaminated faeces. Blood tests are found useless 
as agglutinin production by the carrier birds is erratic and therefore unreliable for 
diagnostic purpose. The disease, however, is controlled for all practical purposes 
by incubator fumigation and farm sanitation [Buxton, 1948]. In rare cases where 
direct yolk transmission is proved it would be necessary to test each bird with ‘0* 
and ‘H’ antigen from the specific organism by the slow tube method, combined with 
incubator fumigation [Dobson, 1950]. Such special tests are not carried out as 
a routine by most laboratories because of the complexities of the antigenic structure 
involved and the difficulty of obtaining a satisfactory antigen which will produce 
reliable agglutination results [Van Roekel, 1950]. 

As for S. pulloru7njgalUnaru7n infection, whole blood rapid plate agglutination 
test or simply ‘spot test’ is perhaps the only method capable of easy application 
in the field, and hence much work has been done to improve the specificity and the 
keeping qualities of the antigen. For instance, an alcoholised antigen, issued by 
the Poultry Diagnosis X^aboratory Department, Weybridge, has been prepared from 
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a single strain of S, pullomm containing the Ml oomplomoni; of XflMaotor, variants 
being few in the prevailing strains examined in England. An an(.ige,n, o-onijaining 
three standard and two yonie (variants) strains, is used in (latiada as tlu' previdi'.noe 
of the throe components of XII factor [Edwards and Burncj', lOIGj and i/lion: 
titativc Variants especially of XIF amongst the strain’s iHolattul hsis been rocoginstMi 
[Owatldn, 1945 and Owatkin and Bond, 1945], Latcl}^ _an elforb is being msuio 
to incorporate a strain or strains of 8. pullorwn containing both XI 1“ and. Xli 
antigenic components [Van Eoehal, I960]. Experimental work has also been 
directed to increase the agglutinability and secure a higher yield of the organism 
on special media like the Veal infusion agar enriched with glycerine and sulphur 
[Macdonald ‘K’ antigen, 1946], or glycerine and sodium-thiosulphate as used by 
Weybridge Poultry Department Laboratories [Dobson, 1950]. 

A review of literature since Bunyea, Hall and Dorset [1929] applied the. whole 
blood test for detection of pullorum carriers, reveals a diversity of views lioth as 
regards the method and accuracy though the trend of resoanh luis betai towards 
increasing the ejSicienoy by improying the specificity, agglutinability and ke.eping 
qualities of the antigen. 

Edwards and Hull [1929] have reported that even sluhi s<nnin iesis wt^.re smt 
satisfactory in birds whose end titres were lower than 1 to HO. In most lalioratorios 
the diagnostic titre is 1 to 40 ; and in some 1 to 20 for the lum and I to 10 for the 
cock [Gaiger and Davis, 1946]. 

Lubbehosen and Beach [1935] and Hinshaw, Harr and Niemeyer [1940] con- 
sidered the test was not effioient enough to be used exclusiviily, while Btufseth [1938], 
Reid [1938] Barger and Torry [1933] and Winter [1930] recor<led gooils correlation 
between the tube and plate tests. 

lirm, Leask, Gunderson and Slack [1944] concluded that the routine staiulard 
‘spot’ antigen then in vogue in the U. S. A. would detect tito'S as low as I to 10 in 
the majority of oases and was superior to Macdonald’s ‘1C’ antigen [1941], grown on 
special media for detecting low titre birds. Gordon [1947] has rccordtid very c1os«i 
agreement between the whole blood spot and the tube tests with the. ale? >h olio 
antigen now in use in England. 

Diverse views and methods of the workers show that antipns vary in sonsit ivity ; 
yet when a suitable one is used the results closely agree with the tube tests. To 
obtain further information on the subject it was found majessary to (jompure. and 
select, from the available information, the one that could make distinctions in 
the reading of doubtful reactions, and adapt it for use so that there might be unifor- 
mity in testing birds all over ^is country. 

Experimental 

Material and Methods. As a preliminary work the following aniigens we, re Rele(‘,tful 

for comparison with the one locally produced, herein called Experiinenta! No. 3. 

1. Antigen of Schaffer et al. [19311. 

Culture media. Beef infusion agar pH 7-2 incubated for 72 hours at 37‘5‘’(1 
Suspending fluid 1 per cent formaline (0-4 per (iont acliuil fonnul<k‘,- 
hyde in 0-85 per cent sodium chloride solution) Dgc used. Crystal 
- i violet 1 per cent solution, 3 c.c. per 100 c.c. of antigen. 
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2. Antigen of Coburn cmd Stafseth [IQSIj. 

Culture media. Beef and chicken infiision agar pH 7*2 incubated for 72 hours 
at 37*6° C. Suspending fluid— Phenol 0*5 per cent in H.S.S. Bye 
used. Saturated alcoholic solution of gentian violet 1 c.c. and brilliant 
green 6 c,o. of 0*1 per cent solution for every 100 c.c. of antigen. 

X Mx^erimmtal antigen No. B. 

Glucose glycerine agar for dissociation plates for colony selection, before 
charging the Special solid media. 

2. Beef infusion agar enriched with glycerine and sodium thiosulphate forroux 
flask. pH of media 7*0 and incubated for 72 hours at 37‘5°C. 

Smpending Fluid. 12 per cent sodium chloride solution containing 0'125 formal- 
dehyde (40 per cent) and 0426 phenol per 100 c.c. of the solution. The pH of final 
antigen at the time of test is 8-0 by addition of one per cent sodium-hydroxide 
(a final pH of 6*6 has also given good results). 

Dye used. Crystal violet 0-03 per cent solution, 3 c.c. per 100 c.c. of the antigen. 
Except for the variations as regards media, buffer solutions, dye and pH with respect 
to different antigens the methods of washing, collection, preservation and rendering 
the product safe for use on poultry farms, were same for the three antigens under 
study. 

A single strain of 8. gaUinarum Ho. 399 was used to prepare the antigens. This 
strain was highly speoiflo and had been isolated recently from a virulent outbreak, 
and it was being used to eliminate reactor. The organism was found to have a 
good antigenic property as revealed by cross agglutination and absorption tests 
with the standard 8. pullorum stock strain, obtained from Hull, Que, through the 
courtesy of the Dominion Animal FatholOgist, Canada. The organism was plated 
out several times and individual smooth colonies picked out after 48 hours incubation 
of the plates at 37*5° C., under low power of the mieroscope. Bach colony was 
seeded into a peptone broth, and those showing even suspension of growth following 
24 hours incubation at 37*6° C. without sedimentation were selected for antigen 
preparation. If o.c. of the culture was flowed over the surface of the solid media 
in each roux flask uniformly. The flasks were paraffin sealed and incubated for 
72 hours at 37*6° C., and those that showed a dense uniform growth were washed 
with 10 c.c. of their respective Suspending fluids, by gently rocking for five minutes. 
The suspension was filtered through sterile absorbent cotton wool into coloured 
sterile stoppered bottles and preserved in darkness at 30°B. for a week or more until 
the organism was killed as proved by safety test. Dyes were added and density 
adjusted 100 times Brown’s opacity tube No. 1 with their respective Siispendmg 
fluids shortly before use. 

A pen of 28 carrier birds raised for four months in isolation was tested simu!" 
taneously with the above listed three antigens weather and temperature remaining 
constant during the period. 

The details of the test are given in the table. 

The low titre birds Nos. 1168^ 237, 68, 7082, 1563 and 458 which were negativ 
to the first two antigens but positive to the third experimental Nos. 3 were bled fo 
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serum by venous puncture. These had been picked up previously from the ilock 
In the fourth monthly test by the same antigen which was then und(‘r irial. 

Table I 

End litre of serwm of birds which W(are exclusively 'positive to the iwpcTiwcnUil 


mtiyen No, 3 


No. of birds 

1168 

1663 

337 

1 ^ 68 

7083 

j 458 

End titre 

1:60 

1:47 

1:40 

1:16 

1:32 

1:20 


Comparison by the standard tube agglutination was made as a check by a 
singh tube of 1 to 80 dilution in all cases (Table I) and also in different lowin' (liiulh)iis 
in the above cited special oases of six birds. 

The close agreement in low dilutions with the tube tests indic.ati'S ihc- high, 
antigenic specificity of the experimental antigen No. 3, The resulls wtu-o, furthi^r 
checked by autopsy of the reactors and cultural tests, and these wen; again romid 
to be mostly in agreement with the tube tests with the (jxcjcpiion of foin: birds in 
which there were no discernable lesions and the cultural tests also proved negative. 

The experimental antigen No. 3 when stored in darkness at (K)'’’ under re™ 
frigeration was found to be efficient up to 145 days. 

The rapidity of agglutination was influenced by temperature up to 40“ C. beyond 
which it did not hasten the reactions. Below 20° C. the agglutination wa.s ret-.arded. 
MedhmiGal features of the test 

^ Glass slides 2 in. X 3 in. were used in place of glass plati^s as these could bo 
easily picked up after stirring, and rooked a few times to hasten riiaction. 

Binely drawn pipettes were employed for the delivery of a droplet of atii-igen 
to ensure constancy in measurements. 

A thin glass rod was used to wipe off a constant quantity of blood frciin the 
snipped end of a serration of a comb. The blood droplet was about half tlwj bvm of 
the antigen drop. 

Discussion 

The experimental antigen No, 3 proved to be more sensitive than ihe otluu' 
two antigens, as it detected low titre birds with titres ranging from 1 : lb to 1 : bo. 
These low titre ones have subsequently been confirmed to be infected, by post ■mort.ein 
findings as well as by cultural tests. 

Following factors in the preparation of the antigen might have comhiniaily 
contributed towards its efficiency : 

^ (1). Special medium, which produces a higher yield of orgfiniam with greater 
antigenic specificity, (2). 12 per cent hypertonic saline Suspending fluid whicli. hastejiK 
the flocculation, by reducing the electric potential of the antigen, (3). 'Fhe final /df 
of the antigen before use adjusted to 6*5 or 8-0 which makes it mor<‘- agglutinabt-., 
and (4), Phenol and formahne used in low concentration of 0'12fi per cent, as with 
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Re&reations of Omn&r fowls to the arMg&ns mdtuml tests and autopsy lesions 
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a concentration of 0*2 to 0*3 per cent and ;pH adjusted to 8-0 or 8-2 tbe fiocculent 
precipitate is prevented [Caseman George and Eettger, 1930], 

The reaction graded No. 3 may be termed ‘sandy’ which is classified by some 
workers as non-specific, but in the opinion of the author is a result of weak agglutinin 
level in the blood, since the infection has been confirmed subsequently by post- 
mortem findings as well as cultural tests. Such a reaction has also been considered 
in an earlier work as indicating either an old quiescent infection or a very recent 
one by Linn, et al. [1944]. 

Summary 

An improved antigen for Salmonella fullmum}gallinamm with a high antigenic 
specificity has been developed for use in the rapid whole blood agglutination plate 
test. It consists of a single strain of the organism colony selected from glucose 
glycerine agar plate, and grown on beef infusion agar containing sodium thiosulphate 
and glycerine, and suspended in 12 per cent sodium chloride solution, with 0-125 
per cent formaline and 0-126 per cent phenol, killed and adjusted to a turbidity of 
iOO times Brown’s opacity standard tube No. 1, and stained with addition of 0*03 
per cent crystal violet and a final pH of 6-6 or 8*0 just before use. 

This antigen proved superior to the two earlier ones, by detecting, carrier birds 
particularly of low litres ranging from 1 to 16 to 1 to 60. 

The antigen has its qualities preserved up to 145 days under 60° F. refrigeration. 
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OALOTROPIS-STANDARDISATION AND BIOLOGICAL 
ASSAY " 


By y. Bathnasabapathy, B.V.Sc., aud V. Iswakiah, B.A., M.B.B.S., M.E.O.B. 

(Pab listed from the Besearcli Unit Indigenous Drugs, De^sctment of Pharmacology, Madras 
Medical College, Madras) 

(Eeceived for publication on 19 January 1962) 
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/^ALOTROPIS GIGANTBA, commonly known by the follo\yiiig names m 
various Indian languages, arha (Sanskrit); madar (Hindi); ahmd (Bengali); 
fukku (lamil ); d.iid jelkdu (Teliigu) ; lias been dealt with in detail in most of the 
mtigcnous mod^ literature and is liiglily spoken of as a very good alterative and 
omc, LW^att, 1893 and Chopra 1933], A preliminary study made by tlu^ senior 
autiior and lus colleagues on the various parts of the plant namely, the leaves, t he 
owers and the root bark, revealed that the leaf powder in small repeated dos(;s 
exerred a tonic ellect m the ruminants. Active principles were isolated from tiie 
leaves and the milky juice {madar juice) and they were found to be identical in 
^eir physiological activities, except that the one obtained from the latter was 
more potent. Loth of them produced a sustained rise of blood pressure when 
given iiiLravenously to anaesthetised dogs [Rathnasabapathy, Lakshman, 
lirishnaswamy and David, 1949], 

lifcchandi in 1918, isolated the a<h;ive principle of the mudaf juice in a pure 
ciys,alune form and proposed the formula C24 H30 09 provisionally and suggested 
the name Ligantin’ to the substance thus obtained. 


1 - , of gigantin has been thoroughly investigated by the authors 

Doui on Die amphibians and the mammals and its action on all the organs with 
speciai reference to the cardio-vascular system has been worked out in detail It 
was shown that the drug, by a direct action on. the musculature of the heart and 
Diood vessels produces a persistent rise of blood pressure ; the elficiency of the 
ear is increased in physiological doses and that the action on the heart is similar 
to tnat ot digitalis [Rathnasabapathy, David and Iswariah 1951]. 

With all these beneficial actions of a good drug, gigantin has its disadvantages 
as a good pharmaceutical preparation. As it is msokible in water it is un.suitaliio 
or easy parenteral administration and as the quantity obtained is .not Guiumunstirate 
icn tUe labour and cost involved in its preparation, it is uneconomical llu’ manuiuc- 
™ therefore considered p.rolitable to utilisii tiui leaves 

o ^ aiotwpis ij'iganiea, which have got active principles having the same pJiysio- 

tincture after staudardisation. The close 
c em ance ot calotropis and digitalis in their biological activities, suggesi-ed t;hai 
rincuire calotropis can be assayed in the same manner as tincture, digitalis. 
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Methods . 

Stanclardi atiofi, Th.G first stawlucd jn:i?pui’od l>y the niillH^ru cfm.sisi - o! a 
mixture often dilferent samples of the leaves oi‘ Ualnlmpis colifeh’d H'»“> 

the city of Madras and its neiglibourhootl, drit'd. at t-lle room ttunperaiurf' ni aixnn.. 
28“0. for about tea days, powdered to pass tlu'i)ugh a No. tiU sieve, drunl ia an ri 'e-i-cie. 
hot air ovea betweea 55'^0. aad fiO'^'O. I'or six lioiirs, jimpouli’d in stcriln enni.siner.H 
and stored ia the frigidaire. The moisUire content ol, the statidacd powiicr wu.h 
determiaed ami fouad to be M5 per cent. 

UniL The unit of the first standard was defined as the aeitvity coiit ahu'd hj 
0-1 gm. of the standard oalotropis leaf powder prepared und kept, ia this laboratory, 
(The Department of Physiology, Madras Yetcriaaiy (Jollegt*-, Madras.) 

Biological Assay. The standard is now available for any oim to eomp.iri'- au^ 
unknown sample of loaf to see how far this sample (UfiVsrod in activity rn»m i.hat ol 
the standard. Among the various methods of coinparis(Mi available u.uaMv t he. 
frog, guinea pig and cat methods, the cat method as u.sed for the Thinl i at fijiai tunul 
Digitalis Btaachird by the World Health ( irgatiisatiou (7) was i^ried in this iaboi .iUsry 
and found to be very satisfactory. In this method, the mean of the tuhaj dose, 
of the sample being tested for a series of cats, expre.ssed per Kg. hoitiy weight, was 
compared with the mean obtained for tlie standard powder. 

Ill brief the procedure adopted was as follows ; - 

Preparation amt storage of tincture. Tlio eontoahs of the tnupoiile of the stnudard 
were weighed to the nearest milligram and transferred to a eonieal ilask hti ml. 
capacity. Por each gram of the powder 10 ml, of HO pe.r ce.nt (iy volume) ideuUol 
was added. The stopper was inserted and the mixture shaktui fitf ‘il h<mrsiM. 
room temperature (28'^C.-30'^C.) by mocluinic.al means, wiiieh euulimtoiaiy brings 
the solid material into fresh contact with the litpiid phase, hmu'.'tiialeiy after- 
wards it was filtered by pn^ssuro througli the filte.r paper taking all piw ihh pre. 
cautions to avoid evaporation of the solvent. Tlu^ tincture was Ihen i.mnsferred 
to a hard, amber coloured glass bottle with tight closure and b'.pt in ifu* frigidaire, 
and used within 30 days. 

Preparation of (Uluted tinature. At the time of tasting tin* si-amlaol liaetina*. 
was diluted with 0*9 per cent sodium chloride to m.ik(^ i : 20. it wa,-; firs-pared 
fresh on the day of use and shaken before it is poured into the burette. 

Selection of animal. Domestic oats free from gm.ss eviilema; of dl.t-asc and 
weighing between 2 to 4 Kg, were chosen for the assay. Weiglil; Wiis dot.-.rudie-d 
to the nearest 0*05 Kg. Those which upon examination appeared (-ithor (rhest, 
ematiated, lactating or pregnant were not used. The cats wi?re starvori for ib 
hours before use. 

The cats were anaesthetised witli ohloraloso at the raluj of 1 jO mg. [..-r Kn. 
given intramuscularly, dissolved in alcohol, two hours btsfou', im\ TIh* tim-hiro 
was then injected through the femoral vein from a burette and ardlicial iv.spiration 
through the tracheal oanula was maintained througlumt to ensure tliat th»' <lo.uh 
was not due to respiratory failure. Oarotid blood pressure was r(;et>rdt’d kymo-uM*- 
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The tincture was injected as a continuous flow from tlu^ ininhic ct. i-in? rate of 
about i c.c. per minute until tli<i heart stops beating as induaited by tiu' blood 
pressure Duiord ialliug to tlie Jsero line. Tluj time, was nobid at tlie beyiiuuug when 
the injection was started and when the end })oint wa,s rca-eJuid by a, uaf.ido 
Similarly the quantity of solution which was necessary to kill tlu' <ia,t was mc.asiu'ed 
from the burette, A typical graph in the <}at assay is shown in Plate. X Vli, 

A total of 14- cats were used in the assay of standard and the, nunin td’ ( bt' r* 'suits 
as calculated was 13*48A;0*{)019 (Tabic ij. 

It is suggested that any sample to be tested should be treatiid in iJm sanu* way 
and the mean of the results of not less than six cats should be ihirermiixHl for 
comparison with the standard. 

The potency of the sample being tested, expressed in reUilion to that of t he. 
standard pi-eparation, is determined by dividing the tiguni for average Ic-thai 
dose of the standard preparation by the ligure, for tlu*. av«;rag<^ iet.hal do.se of the 
sample being te.sted. It may also be exprt'ssed in ])er <jent of the nI atidard by imdl i 
plying the potency by hundred. 

Pfmmacohgi/ of TinctuiM (Jalotro})is. The; ae.tious of Tliicimr. valoiwpis 
are very similar to that of gigaiibin. 0d)5 to 0*1 e..c, ju'i- Kg. body Aveight of llu* 
tincture produces a sustained rise of blood pressur(‘ when giveti iiitra veuously to 
anae.sthcti8ed dogs, even after symputholysis by erg»)toxin(.‘ atui paralysis of tJic. 
vagal terminals by atropinisation (Plate X’lX). The volume of the, spleen dt'cr<'ased 
considerably corresponding to the rise pf blood ])re.Hsure. Myocardakgram expr^ri- 
ments in mammals showed that the systolic level of th<5 ventricles juid tlu‘, auricles 
were considerably increased with the diastole being normal or sHgiitly deiicieafc, 
consequently the output per beat must iiave l)een more (Plat e- XVill). 

On respiration, the tincture decreases the rate but increse.s the <lepth (Plate XX). 

Fixation of the Boho. ■ After repetited trials with varying doses of the tincture, 
it has been assessed that 0*3 c.c. per Kg, body-weight is a safe therapeutic, oral 
dose for canines. 0*6 c.c. per Kg. body-weight is slightly toxic. Hetching and 
emesis should be taken as the first sign of toxicity in the therapeutic, administration 
of the drug. On an average 2 to 12 minims has been fixed as the dose for <*,nni!ieR 
depending on the siae and this repeated twice daily for about 20 days did not prorluc.c 
any toxic symptoms. 

■ Discussion 

The introduction of .standards in the form of dry, st,a.ldc pre])iira,f'.ion, makc.s 
comparative methods possible, for every estimation of an unknown sample btMsume.s 
a compari.son with a standard to see how much stronger or how muc.h ^veakor it 
Since the mixture of the leaf powder was made, from dilferent .sanqjh'.s, jfs nc.1 ivtl.y i.?, 
presumed to be equal to the mean activity of the .samykle of <;alotro])is. It. is po.sr^ible 
to e.stabli8h an intcrnntional standard- from samples obtaiiu'd from variuu.s parls 
of the world and this may be- taken up soon .ifter th(‘ therapeutic:) 1 nHefuiiH-^s ha.H 
been well established by cHuioal trials. 

There is no evidence that cats vary in sensitivenes,s to tlui drug at rlinVrmii. 
times of the year and it is therefore lumecessary to make .simultaue.ous tests of the. 
unknown and the standard. A determination of th(j avern.ge le.tlial dose per Kg. cat. 
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Biological assay of Tr. calotrojm on a cat. 
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of tlie stundartl leaf can be made at one time and determination of unknown samples 
of tbe leaves can be made at later dates. The results of these determinations 
are compared with the results previously obtained for the standard. 

The dose lixed is in respect of the tincture }>repared from the standard powder 
a(!cording to the B.P. method and as it has similar actions as digitalis it will be a 
cheap but good substitute for digiitaiis. Attempts are being made to establish 
the therapeutic usebilness of the drug by clinical trials. 

SUMMAEY 

The first standard for Galotropis has been prepared and is kept in this laboratory 
and is available to be compared with unknown samples. 

The unit of the standard has been defined as the activity contained in 0*1 G- 
of the standard powder. 

A suitaf)]e metluxl of (jomparison b^y biological assay has been indicated. 

The actions of i.hc tincture has been found to be similar to those of gigantiiij 
the active principle of madar juice. 

The dose of the tincture has been fixed for canines, 
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ABSTRACTS 

M'ill.wr,, (J, I)., Ekve, ,r. B., Jr., Bcjoh, B. J., Ji\, Hendersoh, P. J. and 
lluHOFE, L, :ij. Bifect o! SprmMiag oa Dairy Cattb J. amm. SgL (1951) 
10,4, 9{>i.9G8 

cir)jn])iirablo groups of 16 lactating cows (8 Holsteiiis and 8 Jerseys 

en,cb WfU’e used in a double-reversal experiment to study tlie clbict of cooling 
by sprtjikliug on re.sjftt?ation rates, body temperatures and grazing performances, 
Altiiough both Ijreetls used the shower more as the temperature increased, the 
Hoisteius nnnained under the shower an average of about 9 per cent more than 
.bu’seys. The iiveragc amount of time spent under the shower ibr both breeds was 
2 a, lid 8 time.s as gri'iit at a t(un[)crature range of 85° to 90°]]'. and 92° to 97°F. res- 
pi'clively, a,K a,t a temperature range of 80° to 85°E. 

Bespiration raises wiin^ .slightly higher for Jerseys than Ifolstein.s, while the 
rev(a'.S('. was noted for laxly tempe.rature. The re.spiration rate of iloisteins and 
dersiys hawing a,cei!.ss to shower were 18 a.nd 13 per cent, lower, rcspoctively than 
for tho.se with only .shade, ll.()W('ver, the resjiiration rates of the t-wo grouj)s were 
very nearly the. same alter a, walk of one-fourth of a mile to the byres, 

Rpriniding wa,.s ellVetive iii producing a lower body temperature for both breeds, 
ilolstfiins and Jer.seys lamig sprinlded had body temperatures of 0-7“F. and 0*4-°F. 
lower ri'.speotively tha,n did tbo.se with only .shade. There was an increase of 0*5°F, 
for ea,cli of tin* Itrei'ds, after a walk of one mile to the lyres, irrespective of the 
treatment. 

With the iemporainre range of 80°-85°F., lioth. breeds spent 63 per cent of tbeir 
time grazing and the u.se of tbo .sbowm- a])poarcd to have no significant effect on 
grazing rate. But fhe graying rat«i (lecrea,se,d as the temperature iiicrea.se.d and at 
a tt*mj)epal,ur<‘. range of 92'’F. to 97° F. the, H’o].stein.s and Jerseys grazed 69 and 68 
])er cent le.ss res[)e,ciively, tha,ii tliey «lid at a, i‘a,nge of 80° to 85°F. 

Although sprinkling was effective in cooling the cows as borne by the decreas- 
ing re.spi ration ratios ami body temperature and iucreasing grazing rates, there 
appeai'ed to be no relationship between the amount of milk produced and 
treatment. (D.N.) 


P. Mahadbvan Effect of Environment and Heredity on Lactation (1951), J, agric. 
8ci. Vol. 41, 80 

V AIUOUS environ luoiital factors render it difficult to eva,lua,t(i tiro potential 
hree.ding worth of animals. In the case of dairy catiile this in.volv(!.s the 
sta.tistical amily.sis of production figures of cows in relation to known, cnviroinneiital 
faiitors and the snbs('qu(;nt standardisation of these production figure, s with a view 
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to o.liiniiiitiing as fur as fioHsiblo ilio nno.(*,i;rt of i,Iia ativii'onuK'iiial inilutMicas. Tin; 
rci’.onis of Uvt'.lvo Iidnls ot’ Aymsliln!; <;aM}la mmtlMa’mji: ahtmi ^JHiu wrn-. 

st:ui(Inr(li;aul in tliis way and cin])loy(*.rl iin ohlain l.hn <;Ml,i(nal.i‘n of Iinfil:ii)ilily atxl 
Lo study tha rate oC gniuitic jutalii duo to .sol.(',<diion, Tiio unit of nu-asinvinoui. n!' 
production, oinployod was tlun yield during i.he. lirst ItJO days oi’ i ho laciatinn pta itid, 
tliua eliiniiuiliing i;lio err(}C.fc of tJic varialion in length of current calving interval on 
milk y.ie.ld. 

The offect of tin; month of calving on milk yi(dd Viiried signilii'antly hetween 
hei'ds^ and it was sliown that cornsotion factors for inonl.h of calving aluaild la* cah 
ciliated on a witliin herd basis. The average dilTereuce in ISO day yiehl befwi'cn 
summer and winter calvors of all herds was about Uljier c.eut in favour of winier 
calvers. 

The milk yield of tiie cow was found to be. inlluemaMi bolh by the nninbcr of 
her previous hictalions luul also by her age at ca.!ving. ii- is fouitd l hat preeeniage 
of. correction is tiic most saitisfantory among the types of corre.c.j ions «'.niployrd by 
previous investigators for age, 

Tliero was a posif.ive correlation, lie.twi’cu milk yield and length of pieceding 
calving intm'val. .From jui economic point of vic.w, tlie, opl.imuin lengjii of calving 
interval was found to ho dOO days for tlu^ first la.('.ta1.1on ami oiu'. Vi'ar for the anh- 
sequent ones. Com,ictif>ns for the. ]n’e.ccding calving inf.ervjd ill o! those, for ag«,‘ were 
most satisfacto,ry when they were jiroportionafic and not additive. 

^ No siginfieant dilleronccH Avere found among i.he first three ter.ords of a cow in 
their ability to indicate, lu'r actual jiroduction capacity, 'fhe j)roba,l»le perfortiumce 
of a cow in any lacta,fcion vras jiredicied as accuratidy from (he, ]ac-ia.tion iimnediafcly 
preceding it as from the average of a number of previous hu'.taf ions, 

The average .ropoatahility of milk yield was O-KJ and licritahility was of ihf^ 
order 0*25 to 0*20. The proliahle. effe.ct on herd improvement of selecting breeding 
females was .found to lie very small, extrenudy little gmietic progres.s i.eing attained 

by this method in the twelve herds. (TMP) 


Raymond N., DoEmm AND Wiliuam IVI, Scott, ( 1051). Baotenological Aspect 
ot market milk as Cousumed in the House hold. Mllh Vlmt Mmihln, dO, 21 

^HE antliors have conducted, a hacsteriological analysis of ma,rket milk iv.ceivcd 
and stored in the honse-liold witli a vuwv to si^cure data, on i.lu* (.ualii.y fd’milk 
‘‘average homes. A total number of Mi) samples ‘eolicded 
>e *^* <•»^“Hng diircrem= 

eo been examined for si.an.iard plate <.otmi, 

anJwed onlv of th.. Genus Proteus. Out, of JP) sample.^ 

2lonlvCrI P«’ ««nt) showed over 3t),00l) phde <muHt per ml. 

froL iimmelld « '''' hmUmii per ml. Tiiougii t.lie sampfes 

moponed quarts contained some coliform bacteria, those i.aken from tiu'. bottles 
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previously oponccl showed high coliform count. Only 4 out of 9 samples from 
pitchers or glass tumblers showed the presence of coliform. Presence of the Genus 
Proteus was not noticed in any of the sampbis. It was fui'tlier observed that the 
nature of tlio container, cither of glass or of card boaril, and the atmospluirio tem- 
perature had no significant influence on the plate count. The authors conclude that 
the samples as a whole were surprisingly good, from a bact<'riological point of view ; 
tliey ascribe this to the general educational level of the community with regard to 
concepts of sanitation and cleanliness in the liandling of milk and to the extensive use 
of electric refrigerators for storing the milk. (V. S.) 


REVIEWS 

THE FEEDING OF FAKM AHIMALS IN INDIA 
By E. Landhh, M./V., E.it.l.d, I.A.S. 

( Tssued by the Jmliau Council of AynouUuml Hcmimh- ■ -Cnbl lAicd by MociniUnii <0 
Co., IM,i GalcuiUtf Tmlia, 1M9, pp, Pt ice ,/Av. /•/,) 

T his is a first of tlio series of Animal Hasbainliy Mamials issiuMi by I he i tuHan 
Council of Agricultural liesearch. Following on I ht' n«a‘ting of Mie Crops aiul 
Soils Wij)g of iho nourd of Agi’kmHure and A.iunuil lIusbiUKlry in liuiia (IbCi) (ho 
prcparalion of (.his inaniial was iinderfakoii by Dr. T. M. |jand(‘r a id ailhnurdi ifiis 
volume was ready for publication in lOld, but ilia; (o unfavoiiiablo (amdilions on-atod 
by World Wa,r II and division of i-lit^ couniry, l.hi;; (ioiild nol be pu!)li.>he<l eailier 
than 1949. The Manual is a. v<'ry welcome additifin 1o the seaiily literal are on indi' 
genous cattle feeds a.nd feeding in this eountay. d’hei manna! is divided up in !(> 
chapters and covers 492 pag(>.s willi 45 photographs, diagrams and ('harts besides 5 
appoiKlices. The maiuiai, givt's useful information on all problems eonneeted with 
tlio feeding of farm animals and is indispensaJtle for scientists working on the. .subject, 
students studying the subjisct and pra.ctic!d cattle breeders. 

The first two chapte.rs an^ devoted to t he type..s of soil ami composltitm of various 
feeding stuffs. It luis been shown how ( lie weak .soil prodiiees food and fodder of a. 
deficient nature or of loss mitrilive. <iiia.iii.y and its ultimate unhealthy efj'ecfs on 
tlie human and animal life. Metliods are indi<‘.a(;ed how to cfbsd- improvemenf. of 
soils to obtain healthy and iHttor (piaiity c.rops and raise yiehls. .\f.temion !o thi.s 
aspect alone if given effect to by eiiltivators will indirectly improvji t he economic, 
condition of the country. 

(tenoral principles of mainfcnance of animals and [lodnction from tfumi and 
their feeding standards and balanced rations a,n' next dealt with In detail, d’ho 
feedings standards enable one to express the nulrilive value of fotMls am! iho 
food requirements of aninmls in some common terms, lialion.s m.u’ la* rliamn’d 
and the propodions of their relative constituents may vary, hence for the eompila,' 
tion of rations -with definite standards wduch can luMiXpressed in terms, of energy 
of nutrients for various purposc..s are, iudicat.ed. This (uiable.s (me. to (tlectitig luaxi- 
mum economy in the feeding of animals and a,t th(! saim' tiun^ b* malutaiirhealf h 
and productivity. 

A detailed account of tluj re(>(ling stuffs, tlaur preparation, storage and an maniimt 
of lumnful foed.s and famine Ibddcirs is given in tin* mvxt ihri‘(‘ eltapier.;. In dis- 
cussing the preparation am! storage, a comfueiumsive account of hay and silaie- 
making, its storage atid time at. which tiuy should be fed to thi* animals, is niven. 
The qualiti(\s and varh'ties of grass are also givim whicli merit la‘st for liav mjd'siiagc 
making. Mention is made of plants whicdi nr(i {aiisoiious in varying df'gr^. * when iVd 
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vjilii;iJ)I,(; ill 1(1 :iri<lisj)(ii],sa]j](\ - ■ ^ id for tins account alone the mamial is 

t Ids country are uneconomical to 
ad<aiii;..lfi food ,.]■ of i]if. mi' " majority of c.atfclo do not get either 

t!u> Aa'diog ,,(* I ^ general plan for 

goat, pigs, i^^^luding horses; mules, 

'■ ™'-^-;' "Plin. u„.l — y -m g..oatty ,elp in 

Hi'.fjii.-li. Dr. iiiiKlrr, mitten systematically in simple 

ftiiiital niilrilimi in India lie was A'cn-i Vi ' of, and 

''•"'i"l' ="Hl la ■ Pri , , i nlY ’■;' ^ '“I"'®* t ***''■ «'>™inm<mt ot tiro 
aull!' , , : ••« »ucir tiro 

1 1 "' <-".inh V ;.,„l n.eels Il,c ti^c I f '’''U":''“'’'“ P"”'*'"" ‘>l' Uvestock mitritiorr 
«"lliael. Tl,;. nrnuulis i tire 

•■"'ll»"il,Hir,. I„,uk „„ II, „ f r r,: • '''' '-equire an 

op, >'irm amiuids including poiilfcry, (M.R.M.) 

NO'llg f OE lOTKODITOTORY COUKSISS IN GENETICS 
ily (hiAiiLOTi’E AuicuBAcr-r, Pu.D., D.So. 

l aUM l,;i 01, m- ami I:,,,/,! lUiahmik „u,l Lamloa {Ji)Sl, 3d ed., pp. 42 
I nrr- ;i,s‘.) ^ ■ ’ 

H. ',r!,'!'i.,'I;;! ''‘'-rLl" with the b.asie concepts 

a.:L, ,.;,;,;;':.l:;:i.vr;::; tiir"::i,'i:v'r''’;i'' '’'r-'T'’" ?>’!'’ “'-“-icnts 

I, ;,':':;:;;!:!. ''‘"■■""'i ''''Y"-'™’'' 

' Ti,:. Il 'h'i q'i, , m’ n"' . This object has be™ well 

I'-l'!- hu.' I„. .|, M”ny i,np„,.Jnt 

m!!'', I "V. l', llafMelulel’s l,'!ws“i'n ,>ara'r\*i a, '.Tat 

rer£""n;i.''''(lui;Y' appeadiecsaul.,; Yd’, 
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SUCCESSFTO POULTBY MANAGEMENT 
By Morley A. Jitll. 

{Puhlinh'd by MMrmw Hill Rural' ActmUea Sr.rlcs', ITi p-fi. hOi^) 

T he fuitlior is a national authority in poultry work iti. tJut U, H. A. lie. is 

known as a teacher and poultry author to the Htudeuta of Atiimai llu:dt!Ui<iry ^ 

and Agriculture all over the Globe. 

The book should bo extremely useM to the gn>dua,tc stiuhuii'M, faruu'rs, tiom- 
mercial poultry producers, hatchery men, feed and equipment unumriiftnrers, and 
as a matter of fact to every poultry minded man. 

Tlic title of this book is most appropriate as in all t.In^ i.)a,ges is empiuisii^.efl jfus 
fact that success in. poultry farming is mainly a matter of edicimit uianagcitiiott. 

The book presents to poultry keepers up-to-date in fornudhm im fiusbandry practita-s 

and marketing methods alTecting n^turns from the poultry busitiess, large or fimalk p 

Prodnebion of eggs and tabh’, hnvls ee.onomiiailly ami how to market iiiese liighlv 

perishable commodities to the fullest advantage are distaisst'd in detail .and in a. 

popular manner. The author stresses on factors alba, ■ting the qiiality of e/^gs and 

poultry moat because the producers liardly ap])n'.ciat<‘. their role in dt>lertnining prie<’M 

paid for poultry products in the course of imirloitiug. liliist.rafhms a, re most, apt, 

carefully selecte<l and represent an ontstaiKling baituni of tin*, laiok. 

The various facts and working details are drawn from restaireii .and t he Wi-aiil! 
of knowledge gained by poultry raisers. What kind of stne.k tu keep, is tnsiled irt a, 
unique and dillerent manner. Now score cards ar<* included for judging hens on t he ^ 

basis of laying potentialities and for breeding stock for standan! bretl and utility 
oharaeto.rs. Practical suggestions arc also eniiimu'alod for broiler us wt'll ;ia egg 
production. Sp(M.;ial einpliasis is placed on nutrition of ehiekens as b-tMi msis 
represent about 60 per ctmt. of tlu^ total cost t)f production, {killing birds *fr uH 
classes to maintain the. efficiency of stock at. a high level is diseu.ssed under tliihienf. 
headings in a manmu’ which laynum can easily follow. 

The Indian poultry keeper is badly in ne.ed of an up-to-date text bnuk on fionlf ry 
keeping and this book of I)r. dull should serve the purjawt* well. (S.G.!.) 

PBINCIPLE OP MIIiK PROBUCTION ^ 

By William Barbour Nevens. 

{Published by the McOraw Hill Booh Oo,, hw,, New Yoti\ /,9d/, pp. ././d, /d /re 

T his is the first edition of an introductory hook on thes subji'ct.. 'rhrouidi I his 
compact volume of M3 pages the author has directed Ids (dfort.^ to enter t lie 
basic knowledge required for collegiate students on the principle.s of milk f>i’odueh'<»n, 
as also to provide the dairy farmer a refermice book {;o siuwe as a guide in t he rstu.*- 
blisbmeiit and day to day management of a profitalile milkqnodm-tion euo-rpri"e. 

The text is comprised of 7 parts and 20 chapters. Paid 1 begin.s with u surnev ^ 

of the imiiortancc of dairy in Agriculture. Part IT cotd.aiiw II ehaptens deniing 
with milk production records, calculation of balanced rations ami feeding of dairy 
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pifiiii'.ral o.oufiidoratioii in selection, systems of breeding, artificia,! insoniination, 
a.n(] inana,g<Mnent of (biiiy cattle. Part III contains a description of important dairy- 
e:it( |(', ds and .selection of individual animals on tbe basi-s of pby.sical oharaoteris- 
ti<^s. Piirt IV e.ontaius 4 eliapters devoted to a systematic treatment of .such iin- 
])or{,ind, a,sj)ects ;i„s tlu'. .strue.tiire and development of cow’.s udder, meclianism of milk 
. .secn'iioii, con.stitue.uts of milk and factors inflnenoing them and clean milk produc- 

tion. Pnii V having 2 chapters deals with the marketing of dairy producte from the 
tlui pric.e and price plans and the economics of milk production. Part VI 
conliiiiiis f) chapt('.rs on the soil management, pasture systems, production and conscrva- 
iitm of iodd(.u’ crops. Lastly, a chapter is devoted to the designing of bars and milk 
hons(‘,s. 

Ih'of. N'(’V(urs book Is written in simple and good style and the subject matter 
has been inb'i’pri'ted with great latitude. Special topics .such as the simple and 
prarfical method of {'.ahaihiting balanced rations, good soil management and grass- 
X laaniiiig, noi, <;omniojily presented in a book of this type, onlianoe.s the value 

ol lliis puhiiealioii. (t is a useful book for the collegiate student, teacher and all 
iJiosc. intere.ste.d in dairying. Tlio printing and get-np of the book speak of the 
ohvious thonaighiie.s.s of the American publishers and printers. (K.O.S.) 


FAEMEE ATO STOCK BEEEDER YEAR BOOK 1952 

/<// /<'(trmrr ai}tl i^tod: Itrmhr Limited, 7(Uh (dilion (1931) 

Ihimi IIuHSt-, Kinmford London, S.E.L Priae. 10s. Od., net ‘poslciije 6d. fp. 

412 , oviir lit) Ulustralio'n^^^ 

M oil L U'iefid iHioritialiou than (iv<w before is included for stock ]:)r(3eder.s and tho.se 
inleresied in any phaw*. of liv<'.s<,ock and general firming. The table of contents 
ineindc.s a. vaiuabie hnsMler.s’ t!ibl(‘. special article of topical intere.st to farmers and 
\}<vot]vrs of livm.sitaik f)e<lign'e yciar in ])ictnreB, a section on. poultry, and a unique 
rchu'i'nrt' lU'ciion with its own index. 

The hoM-drr.s' ta))le is inchnled for the (mt time and is a valuable calendar for 
ail 111 ' 12 tnonihs (*> record s<'vvic-<‘- date and an easy calculation and Incility for re- 
y cording Ihi' hiri h «(a,i ■ in re.spcct of inang cow, ewe and sow. 

'rin‘ ;,j)i'cial article se.cficm is wtdl illustrated and is informative and each is 
wriilen hv a coni.rilmlor po.s.se.ssing <nn.siderable experience and knowledge in their 
r('Sp( i-i ivc fields of uorlc. 'I’he articd'.s cover such wide range of subject.^ as, seedtime 
<o inirv'f.t-, rbci'p, ))igs, <*.ontrolh*d gracing, .silage making, root crop, feeding dairy 

cott;3, !turiiruhiw-<‘ piM^tliurrs, uinl fa.iMumgeqiui)n]ent. 

ddic, pt-digivc year in picl.iin^s is a section of mimcrous v('.ry beautifully got up 
phot o;M‘a pit.-; of llu> year’s best and topmost champions which parade out of the 
^■car'.i' hesi. iivesiock sitow.s. dMui stock of fine British cattle, pigs, .slu'.ej) and horses 
^ of u hich Ih iiain may lake. ]»rldc, can be W'ell appreciated and studied in tliks .section. 

'n-c jtunKry sct.'.tlon is dc.voted to produemg turkeys all the year round and the 
ptdicy of ;a'i!in.g out puiiets in spring. (M.E.M.) 
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Tborefcironco, suction is puriiaps thn luost vaJualtlu of id! ii.s it givus iuil iiiriu n/.-irfoti 
to all inicmsttul as to -vvlio is wiio in oOicial and sunii onirial m-fafusii i‘Hr* .ni»! in .1 1 
tutions, |)niici],)iii sliows, Artificial TriMOinitiid ion <a‘nircs, hisiinuc'n, wmiln r, iatHcn, 
composition of fmling HtuilH, llritish farmiiijL^ rcc.onls, slatistir.'--, priiM-s, aali'S. 

ami hnyec’s |i;uulo, utc. If foi’ no other ruawm., the hooh is worth more- ihau its valui- 
oraUthcinfonnatiouin one place that juiyonu inti!r<*Htt'il to Hvosioul. may oloaut 
and Ixi proud to possess. 

The book is well prhibid asid bound. Idiio tjuulity (*a|u>!* is mod ihroojdioU! . 
A galaxy of all kinds of advertisumuiits on farming an* iiicluded. Tho book i'- ot 
value and interest to all coueorued with, any phase of liveslock indu n ry. ( .d.lkM.) 

NOTK. 

XV - -XNTEEHATSONAL VETUEIHAEV COMIEESS. W53. 

T .irFj members of the vt5teriniuy in-ofession in (tidia will bet isiion :ai'd to know that 
the Organising Ooimnittu.e of tint Inistniational V<'l<'tiiiarv ttaivti ,; ; Isa ; aiim'Uii 
cd that the XV I iitttrnationid Vtttttdniiiy Oongress will Im held in StorUiohn foao lia* 
9th to the irith .August 11)53, (Stockholm, the. < bpilal city of Sv.edon i ^ to ho iju' 
venue of this Congress. The Organising Oominillec of the XV Itilernaljou.d t 'oittn'- ss 
has drawn up a preliminary ])rogramme ne.eordiug t.o whicii the seientitu- part of fho 
Congress will comprise of a, klenary and Seclioiud meetings. I’he I’ienmy meeting:*, 
will cover a wide range of sulijisds of Veterinary t^eiiMn'e bke InlVe! ton''. Oi.MMM-,. 
Mastitis in cattle, Meiai)olie’Oistm‘l)a.nces, Kooil liygiene and Oomper.dive pat fnilo*') . 

To facilitate detailed .seieutidc dls<nisMions i|, i.*i pt‘*>po,'-:ed (o .split tip t iu' Seeiiimal 
meetings into 9 separate Sections which will covi't* ail the iHipiulatil. a*pct'iaor 
Veterinary science and .Anitnal .Ifiisbaiidry such a,s l idtv.lion.s and para.aiic di.'.e,o,o,w 
Poisonings, Problems of Metabolic <iiMt(trbatiees, Oeiichmey diiea.c-,, Alh on.- , 
Diagnosis, Therapy and Surgery. The riiv.sij)logy and Ikitholog^ of repOKlncnou 
and Lactation ; Animal Husbandry siibjeiTs c.umprising of Imeouing iuclnduig 
artificial insoniinalion, Avding, ami tn.magemeni, v\ill form sep.u.itc .^niioo. cpio 
of the most important sec.tions will In* on t.he c,o ordinal iiin of Inlernajto.d Vk'ieci 
nary Probleins. ITiuku’ this the, Congress will discuss ! ui (‘rna.|, tonal sfandardi/an am iU’ 
sero-diagnostic methods of bacte,riologi<;al prei>a,rati»>n like .sera, \;meinc‘; and 
allergina ; transport of rjuarantine regulations, internallojia! Iranstni.'-mm ofn-moim 
and the International co-operation for producing veterimuy etlm-.ilioual libu.-. 

The above preliminary ])rogramme is subjt'ct to vatlUcaiion be the Poimampit 
Commission for International Veterinary Congress, 'riirre.int r (lii- OruaTiinfm 
Committee will is, sue iuvitatioiw to read papers giving pari ieaiar.s eoutarninu, the 
names of plenary lecturers and the titles of the pnpt'rs. InvitjUion ti* the m. mb* ] tup 
of the Congress will be distributed in Augu.st .1952. 

The address of the Organising Committee, is: XV IfiitTmdiunaj Vctmbmrv 
Congress, Organising Cominitt(! 0 , c/o Lsakssou, Htatc Vtd, urinary M(,«die:d In.-.iiiufr* 
Stockholm 50, Sweden. 
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ORIGINAL ARTICLES 

THE NUTRITIVE VALUE OF THE INDIGENOUS GRASSES 
OP ASSAM 

VI. THE GEASS JOY-JOIIA (ISCHAEMUM RUGOSUM SALISB) AB A 
CATTLE FEED 

By B. K. Das and N. C. Mukheejee, Animal Nutrition Eesearcli Sclieme, Gaiihafci 
(Received for publication on 27 December 1951) 

I N a series of papers, recently Talapatra [1949 and 1950] showed that although the 
indigenous grasses are deficient in some of the indispensable mineral elements like 
c.alcium and phospliorus yet they could profitably be introduced in the dietary of 
cattle in various foi'iiis ; in the case of tlie aquatic grasses, liowover, he and liis 
associate [Talapatra ef al, 1949] observcHl that green feeding btd to conside.j’ablo worm 
troubles, while the nurture hay from these grasses could bo fe<l to any type, of cattle 
without the least fear (>f helniiiithic infection. 

Most of the investigations so far reported from this laboratory seem to indicate 
that the animals thriving on the indigenous grasses suficr from, a sort of chronio 
calcium deficiency, because of the very low coutoiit of thi.s mineral in the herbage. 

Eeoently we have come across a kiml of semi-aqiiatic grass whicli appears te be 
fairly rich in both calcium and phosphorus even at the flowering stage. This ivS 
commonly known as Joij-Joha {Isohaenmni nigosmn Saliab). It is an annua, 1 grass, 
tall, erect or ascending in robust tu fts and branching at the, base. The branches 
are often 2-nate, compressed, very g]al)roii8 and swollen at the top. Ijcaf-blades are 
soft, flat, linear or almost lanceolate. The culms arc 6 to 39 inches tall. It looks 
more or less like ‘Bao ’ (spring) paddy. It is available from ,fmie to November and 
flowers during the middle of October, when the other grasses in this part turn woody 
and fibrous. As the weather is generally favourable for hay making in October, 
it can be conserved by the ‘ Tripod System ’ in large quantities. 

An attempt has been made in the present paper to study the chemical compo- 
sition and the nutritive value of this grass when fed both as a green fodder and a 
hay at the flowering stage, 

(a) As a green fodder {flowering stage ) 

Four adult Assamese bullocks weighing about 570 lbs. were takciii u,nd fed exclu- 
sively with the gra,ss for a period of 31 days; and as usual urine, and laec<\s wore 
collected during the last 1.0 days. Eesidues hdt during the, (•■ollectioii ptM-ifK.!' were, 
kept separately for each animal and a(3oounted for. 

'fhe chemical composition, the dry matter consumption, the digestibility co’ 
efiieiciits and the calcium, the phosphorus and the nitrogisu balaiujo.s have been 
shown in the following tables. 
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Animal uumlH^r 


P*'r Hill n« I 


HH>2 


5nu.su.m|)f-,ioii. of j.so . 

iy pji,la.t;i,hIo a 


JOO Ihs tif hndv W(‘i»dd; 
■r ill; l,hM i1ow,.,rhi<. 
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Table III 


Digestibility coefficients of the organic nutrients 


Animal lumibor 

Amoimfc 
sni>l»Iii!<l 
in fend 

Anuiunti 
left in 
residue 

Intake 

Excreted 

fiieees 

Ainoiint 

(ligeided 

OiKestibility 

i-iiellicientK 

Average 

digestibility 

(toelfK'ient-s 




Dru Mutter | 





(gm.) 

(snii.) 

(giiJ.) 

(gm.) 

(gni.) 

lier t-eiit 


1 

7ocr 

2057 

5010 

2173 

2837 

57 


3 

70C7 

2258 

4809 

1001 

2008 

61 


4 

70ii‘/ 

2115 

4952 

20f<l 

2891 

. 58 

58 


7l)C.7 

2.!55 

4712 

2044 

20158 

57 





0/ni/r inuHi'iin 




;i 

WIS-O 

82-0 

•121-0 

lOiO 

tlfiO-O 

02 



uiia-u 

01 0 

412-0 

1 47-8 

U05'l 

(54 


4 

SDIM) 

sri-£ 

4lH-r 

171-4 

247-3 

50 

02 . 

■ 5 

503- it 

!)4-» 

400-0 

100- 4 

24S*{1 

(51 





lither cHmel 




1 

17((7 

20-1 

h 

150-0 1 

54-8 

05-8 

(54 


3 

J;7{l-7 

28-7 

148-0 

41-8 

10(5-2 

7:2 


4 

170-7 

20-0 ‘ 

MO-8^ 

41-2 

i,OH-0 

■ 7S 

71 

r> 

i7(ir 

2!l-!1 

140-8 ' 

1 30-5 

107-3 

73 





( 'rude film’ 




I 

2 ni(!-U 

724-1 

1381-0 

528-0 

1 853*0 

02 


3 

21t>(i-0 

■ 704-8 

131 1-2 

452-4 

858*8 

(St) 


4 

2H)(i(i 

744-5 

1 ;i0 1 -5 

500-8 

8011*7 

03 

03 

■ 5 

2U)(i-0 

82i)-(,l 

1277-0 

504-0 

772-1 

(50 





A -/jw e.rtnfH 




4 ' 

3 5(18 -S 

1001*1 

25U7-4 

1080-0 

1427*4 

57 


3 

3r.(is-s 

1105-1 

2.tO‘.>*7 

044-8 

1458-9 

01 


4 

35(iS-S 

1001-3 

2477-5 

005-5 

1 182-0 

(50 

59 

5 

35li8-.S 

1215-1 

2353-7 

983-2 

1370-5 

58 





Total varhohf/fimicti 




^ 1 

. r>«7{-8 

1785-5 

3880-3 

lOOvS-0 

2281*3 ' 

50 


3 

5074-8 

1050-0 

3714-0 

1307-2 

2317*7 

02 


4 

5074-S 

1835-8 

3830-0 

140i;-3 

2342*7 

01 

00 < 

: ^ ■ 

.5074-8 

204 1 1 

30:50-7 

1488-0 

21 42-7 

50 



Tlie data in Table III show that tlie protein digestibility from the green Joy- 
JoJia even at the flowering stage is quite satisfactory. 


The digestibility of ether extract however is very liigh and is not generally to 
be experienced with the indigenous grasses. 

The digestibility of crude fibre appears to be normal. As r<?.gards N free extract 
andtotal carbohydrates all the animals behaved uniformly. 
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h«*i*n 
of 
■ t-il!- 


F-rotn (Ii}^(‘s1;il)i1i1.y ro.'.llic.ioiilis, Uin n; 

C!i1(uilaWl. iuiwmliijg to ilio nicili'xl K.'JiiKO- :i,ii<) is slimvti in-imv along wil. i 
tlic cultiva,to(l fo(l(!or phuitH. TIiv iivt'-i'iigo dry nuittc.!* is lirs {..t !*h> ih 
gre(‘.ii feed fed to tlie aiiinuds. 

■ Tabl'E.IV 

DigeMihk mitrients in JofMia (Jhwrrimf) as (waiinml fo ndiimU'd hUU'r plaats 


.ifty-Jdha. (Ilomsritif!:) 

Giiiiioa (youiifi!) 

Nupior 

Jmmir 

(ham 


Ih; nfthr Iivr 

vn slnli' 

i>.!t 


iS-ft 

|o.,SS 


Mi 

O'Vtii 

U.KI 

i-:sn 


It is quite evident, tlierefore, from the data shown a.i>ove Ilia!- the grass dry/ 
Jo’ha is in no way inferior tn ono of the e.iiltiv:ited hxldtsW phuit i. 

Cakumi, phospfinrua a'lxl l>alatt<rs Joy doha ftofiatf. The. 

calcium, ])liosp]ior(is juid nitrogen Icihuieas have been sliowii in 'raJde \ . 

TAimi.: V 

Oalcium, pfiaspliarns ami hilroffni halanvrs nf fhr ainmaN 


AniniiU 

'JVilal 

K'crrcicil in 

K-scrcIt'il ill 

T.4;!! 


ntimbi'i’ 

intake 

i.-itKies 

•iriiie 

fSfo-tfii 





('aid inn 




(gm.) 

fern.) 

(gjn.) 

. (fue-) 

hnn-i 

1 

2M)1 

17-28 

2-n3 i 

I0-3I 

1 2-00 

a 

2143 

14-30 

ii-70 

irMi 

1 0-32 

4 

2] -73 

17-20 

l-f.7 


} i!-Wi 

e 

21-20 

17-77 

1-20 ■ 

inn:! 

1 2i.H 




I'lin.iphif.i.'. 



1 

18-21 

10-10 

0-12 

in-'.':: 

i 7 -113 

.'5 

I7-Hrt 

0-07 

n-i! 

n'7i 

{ S' 11 

4 

18-10 

9-01 

0-10 

ne/e. 

i h-34 

5 

17-07 


O'ln 

iftnn 

! 7-OH 




N Uri)(/i'ii 



■ i ■ 

07-30 

'20-78 

14-70. 

4tJ-03 

! 20-8;: 

V, 3 

00-00 . 

23-00 

1I-3U 

3H-(M 

•! I'H'Og 

4 

B0-{)K 

27-43 

14-20 

4! -ns 

■! i;r.<3o 

6 

oo-ts 

20-07 

14-82 

4iMn 

i ;m nt 
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It may be seen from the above data that definite positive balanees of caleinm 
and phosphorus are assured under Joy~Jolict feeding. The heavy retention of 
nitrogen is perhaps purely of a temporary nature and is generally observed with 
adult animals kept on a high plane of nutrition. ‘The positive calcium and phos- 
phorus balances observed in this ease are not generally found with most of the indi- 
genous grasses in this part of the country particularly when fed as a single feed, 
[Talpatra, 1949, 1950]. It may possibly be due to a high intake of protein. A liberal 
intake of protein and the nature of protein seem , to have some infiuence on the 
absorption of both calcium and phosphorus [Lehmann et al 1942, Me Gance et al 1942, 
Desikachar, H. S. R. and Suhrahmanyan. V. 1949]. Better assimilation of minerals 
is sometimes attributed to improved crude fibre digestibility [Maynard, 1937]. In 
this case the crude fibre digestibility also may probably have some effect on the 
positive retention of calcium and phosphorus, 

(b) as hay {floimrmg stage) 

The grass was turned into hay by the well-known ‘ Tripod System Tlie 
hay I'idained good green colour and no sign of decomposition was nothunh 

adult Assamese bullocks weigliiiig about 525 lbs W(U’<^ takiui and fed 
ex(jlusiv(4y with the hay for a sufficiently long period which was then followed as 
usual by a ten day period of collection of both faeces and urine. Residues left during 
th<5 eulle(‘.tioii period were kept separately and accounted for. I'lio eliemical compo- 
sition, tlie dry matter consiimpiiion, the digestibility coefficients n.iKl the calcium, 
the ])hosphorus juid the nitrogen balances have been shown in tlie following tables. 

Table VI 


Chemical comjmsilmi of ,Toy-Joha hay {on dry basis) 



Whole |)laitt 
(tay) 

Stem 

(residue) 

Criide protein 

(>•03 

3-39 

Ether extract 

2-18 

1-99 

Ash 

9-63 

6-71 

Crude fibre 

33'72 

42-93 

N-free extract 

47-84 

44-96 

Total carbohydnitcs 

81 -5(5 

87-91 

Organic matter 

90-37 

93-29 

Caleium{Oa) 

0-37 

0-245 

Phosphorvis(P) 

0-24 

0-164 


The chemical composition of the hay is almost identical with that of the green 
grass. 
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taulf vn 

Dry malkr CAwmmptmi of .Toy-Joha fiity 


Dry BiftttiU' 
con«im»e«l 


iMiHHumrd |H'r 
i<M> lbs uf 


IJody 

weijJiliit 


Animal 

niunbcr 


Contrary to ('xpotdiation, tlui Hann^ ^raHH \vtM*.n turnt'il iut 
Hainn Ktafi^o. of ^'ri)\vt!i was jiot muoli n*.li»h(i(l, an in<li<‘at('<l hy tlis' 
tioii of ilry inatt(5r. It may Iks soon tluit tho dry uialit(‘,r <‘i 
creased bv altoiit 25 ow camt. 


Tablk vin 

DiyefitiUlity co(0cients of the oryanie miinmlti of Ji»y»,foIii», //tw/ 


A perusal of the data in Table VIII shows that tlu^ di,!j;estihi!it.y b?.fUi 
mature grass-hay are quite satisfactory. From the, avtu'age digesi.ibilii.v !■»» 
the net energy value of Itellner has been calculated anrl shown aloisg wii.i* 
tlio well-known hays of the country. 


lb. nfliu-n 


Names of hayi 


Jmj-JojM hay 
AraU hay 
Anjan hay 
Uolaram hay 
Jawar hay 
(Juinoa grass hay 
TTsar hay 
Arabala hay 
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lii is evident, from the above figures that the hay is comparable to most 
of tlie well-known hays of the country. 

Calcmni , 2 ^h.os 2 }horus a7id nitrogen balances under Joy-Joha hay feeding , — Under 
th<f seiino dietetic conditions of the above digestibility trial calcium, phosphorufi and 
nitrogen balances were determined and shown below in the Table IX. 

Table IX 


(Jahium, 2 ^hos'p}iorus and mitogen balances jfcr day 


Anima! 

numlier 

Intalce 

(gm.) 

Bxoreted in 
faecca 

(gm-) 1 

i 

Excreted in 
urine 

(gm-) 

Total 

excreted 

(gw-) 

Balance 

(gm.) 

,l . 

.I3-74 

14*34 

Oalciiim 

1*77 

1(5-11 

—2-37 


13*70 

12*51 

1-73 

14-24 

-~0-54 

4 

13*04 

14*71 

1-80 

lO-tiO 

—2-6(5 




Phosphorus 



1 

8*00 

8*40 

0-08 

8-57 

. -f-0-13 

8 : 

8*09 

7-08 

0-10 

7*18 

+ 1*61 


8*82 

8*18 

0-13 

8-31 

-I-0-51 




Nitrogen 



:! 1 

40*81 

22*08 

10-05 

33-03 , 

+7-78 

z 

40*71 

22-02 

10-04 

32-06 

+8-(:>5 

4 

41-24 

26-26 

O-ll 

3.5-37 

+5-87 


The low dry matter consumption is perhaps responsible for the negative calcium 
halance. The nitrogen balance is definitely positive which indicates that the hay is a, 
jnaintenaiice. ration. In these cases the digestible protein provided was at the rate 
of O'-K) lbs per 100 lbs body weight. Though the balance of cahhunt is nega,Uv(i, the 
])hosphorus balances were all positive showing possibly that nnu'.h of f-lie, phosphorus 
piH'soiit in the grass is in organic combination and is closely re, late, d with t.he, pro1;ein 
uuh.iiJadism, 

Summary 

O'he gra.ss jog-Jolm can profitably and successfully be utilized. ;iu the dietary 
(if cattle till November a.s a green feed. At the flowering stage it contains 7-12 
f)tn‘ <a‘iit of criule protein on dry basis. The digestibility coeffici(mts of c.rud.e. ju'otein, 
e 1 ih( 0 ' (‘xtrac.t aaid total carbohydrates are 62, 71 and 60 respectiv(dy. dig(‘.si.i})le 
proiiein a,nd tlie .starch crpiivahuit (Kellner) per 100 lbs of the green slaiff a,r(‘, found 
i'O be i,-2r) and 10*88 Ib.s respectively. Unlike most of the indigeuous grassei^ in tiii.s 
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part of tJu'- c.ountiy, 'po.sitlv(i lailauwi t>:f Itolih aiul, piiuapliorus wcr*' 

wliKai the, g'ra.ss wu.k led as a giv,(*n I’oddia'. 

Joy-Joha liay at tlic flowering stao() wavS lurt uiifeij relisheil hy 'I'In* 

hay prepared iron) the grass at the floweritig stage eoiitains teO.'i p(M‘ sent »>! crudi- 
protein. The digestibility ooedieieiits of eriide, protein, ether e.xtttMii .ind tola,! 
carboliyd rates are 42, 55 aii<l 50 respeetlve.ly. The digestible, protein {tud ifie slareh 
equivalent (Kellner) per 100 lbs of the. stiiif are 2*4 and 2(i*7 lbs respeeliv'tdy. 

X positive re.tention of ealeiuni is not assured but the, hav providt's a, jnainte 
nance ration with regard, to both protoiri aii( I phosphorus. 
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THE UTILISATION OF MANGO-SEED KERNEL AND 
■MMAN SEED MEAL IN A SIMPLIFIED POULTRY RATION 

FOR GROWING CHICKEN 


By S. Bose, B. M. Thakbal and S. Nabayanan, Poultry Besearcli Section, Indian 
Veterinary Research Institute, IzBtnagar, Uttar Pradesli 

(RfMHsived for publication on 1 February 1932) 

I N view of tlie acute food shortage in the country, investigations into the 
proper utilisation of the waste materials in the poultry ration are of great 
importance for the poultry industry in India. In a previous investigation Bose, 
Tliakral and Narayanan [1960] conciuded that mango-seed kernel, wliioli is generally 
thrown away as a waste material, could he utilised by replacing as inucli as 20 per 
cent of yellow maize meal in the laying ra-tion with beneficial lu'siilts. The incln- 
sion of Jmncin seed meal, on the other' hand, had great depressing effect on the 
egg production. The present investigation has been undertaken to study the 
effects of tire addition of mango-seed -kernel and jaman se(‘,d meal to a simplified 
poultry ra.tion for growing chickens. 


Exferimbntal 

A total of 46 Rhode Island Red chicks hatdied in May, 1950, were divided 
into three comparable groups and fed on the experimental diets for a period of eight 
weeks. The birds were fed on all-mash rations in a wet crumbly state according 
to appetite in the morning, noon and afternoon. Broken limestone, succulent 
green food and fresh clean water were supplied ad lib. during the experimental period. 
Group I wais fed on the basal ration consisting of yellow maize meal 56 parts, wheat 
bran 26 parts, groundnut cake meal 19 parts and common salt I part. Group II 
received all-mash ration in which 20 per cent of yellow maize meal of the basal 
ration was replaced by mango-seed-kernel. Group III was fed on all-mash ration 
in which 20 per cent of yellow maize meal of the basal ration was replaced hy jaman. 
seed meal. Cooked meat offlxl was mixed with the mash and fed to the birds in all 
the three groups as protein supplement at the rates of 1 part of meat offal for every 
’2 parts of the mash, , The quantity of meat offal required every day was cooked for 
about an hour in a small quantity of water and nin througli a miiicing machine 
prior to mixing with the mash. 
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MAXdO-SMKl) KKUNI'Jh A^M) .lAM VX SKKU MKAI. i XX,! L P.U'i 
Tii(^ ciKMuirai iMMUHosit.idii of tlit' imiJims 

Hlunvn iiiTaiile 1. 

Taiu.io 1 

T{m (imratjc. r-ktuiUetd nf (ha i^rpcrintr.Hfdl i/i'iurh>(/ yftfiin/s <ht iir// hiv 


OikU- Htiu’f ! V 1 i 

protein Kvh-.p't j ' i iiytli-jip- 


-Mash— 


Group 1 

IS-:) 

■M 

7 , i 7 ;m» 

(.Iroup 1 ! 

i7-!) 

1 

A-7 1 ,}• 

f 1 ',7J n 

Gi’t.)Hp 1 11, 

17-0 

1 

I i 74 -.1 

JM«at Oilbl 

i 

.‘IU-? i (. 

s i 


TKn chicb'.ns \v<>j’n wimuIhmI individually ;i.t. sscriJy inhcia ;d,«.. Tin* ;i.\r 
wmg’iife ol; him niitJoA and iVniu, (I tio S wnnks an*' iv.'nrd.<-d in 'I'nM,' 11, 



Glenn* 1 


Male 

■(*'. 





Day olfl 

1.-1 


1 week 

i-r; 


2 weeks . 

2*4 


3 wwlta 

:5-8 


4 weeics , 

4-S 


0 week>i 

. 7-1 


0 weeks , 

U'i) 


7 .Aveeks - 

!:?-o 


8 weeks j 

xrei 



T,\f;i.K ii; 

iiHU'diji' tn'tphu >11 o: 

(iiw(n* 1! 




11-7 
i:! H 




I 


(■t 

i-ii 


7-H 


i)<8 j 

i-j-r, I 

i-M I 


l!-r. 

i;!'7 


M 
i ;■ 


Tlu^ average food (‘.oiismnption in (mw.nH per lord par dav amd Mm ^ 
iiig figures of tlie utilisation of foo.l in oiniws, per otmei* iive weight, .min 
ed in Table II I. ’ 


■orrespoj. 
Hr.' rofor 
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Table IH 


Food, consum'pHon mid idiliiation 


Weeks 

Avkhag.k roon oosrsuaiPTii)^ 

rER BIRJ) I’EIt DAY 
(07.) 

.Eo<,)0 eOJJSUUPTION IN o 
OUNCE J.JS’-E 'W ETC} H T 

.rNCE.S .P.l!!a. 

GAIN 


Group 1 

Group) 11 

Group 111 

Group I 

Group) TI. 

Group III 

1 

0-.1.7 

0>24 

0-21 

7-93 

11-20 

7-35 

■2 

027 

0-2,8 

0-33 

1-80 

2-00 

2-20 

, ) 

()• t:} 

0-40 

0'40 

2-OS 

2-(X) 

, 2-30 

-i 

042 

0-47 

O-ol 

3-10 

2.(j;5 

2-08 


0-71 

0-73 

0*i)4 

2-20 

2-m 

3-5') 

0 

(M)'d 

• 0-9S '■ 

■: M4 . ■ 

2-71 

2-05 

3-63 

7 

bm 

l-Oo 

1-43 

3-10 

3-00 

6-46 

s 

:i-o() 

1 ^lr^ 

2-10 

6-0.') 

(■)-02 

4-32, 


TliB* lienlt.k of tli{‘. I)irds in sill the Ivhrtje j^roups, as judged by liandliiig 

and apix'a.ranco, \v.‘i.s satisfactoiy. The mortality percentage during the expeii- 
inentai ])eriofl tor groups, i, II and III, were 6*6, 0, l.'hd respectively. 

Tile stMtistiea.] exurniinition of the diitn, id Ihibles 11. irnd XII ari3 sitown in d.’al;»le 

IV. ^ ' 

Table IV 


BtMistiml mi,aly,ds 
{Analy,s-ls of mriamie) 


»S:;imp>!t.) 

Maguitude 
of variation 

Remarks 

Table II~ 



(a) Body wA-iglits of niale birds 

14=: 0-003 

As the pjuiiiis at fcho o per and i 

per cent for the distrihutiun of .F ;irt 
3-47 iiiul 0-78 re.s|)ectivt!iv, the p'roup.s 
or .sub-saiuplu,s evidently c^oine iroiu 
the i-jivinc p>op>uiation. The differences 
are, therefore, not siguitieatJt . 

{It) Body weights of feumie hii-ds 

F-.-.4.t-02r> 

Do. 

Table III— 



(a) Food coieiuiuptioti 

F=:0-18 

Do. 

(6) Food coi,isum|ttion per oz live weight, 
gain. 

i F-=0-i4 

i 

Do. 
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i’.ir! j\’ 


DisoirasiON 

At eight weeks the ftvcj’iige weights in cmiw-es of the itiules in UotupH I, II anti 
HI were Hhl, H:-! iuid 15-2 resjjeetively. Tlie correspojiding; lignre.s fm- tenmlrs' 
were IIMi, 13-7 and 13-4. Although tli<‘ <}X{)cirhn(‘n,t was <tarric<l out tn i lu- tnoUNofUi 
season, which in not very siiitahhs for growing ehhtkens in th<‘ ,No!‘l,iiora Indin, it oi 
remarkable that the rate of growth of the ('hiokens coinpanul x cry ra voiirnhjy wslit 
the rate of growth usually obtained during the winter mouths. At- no stages of 
growtli there was any signiticant differ<mce between the, average weights of tJroujs 
3, IT and III. Both niango-sc'.ed-keriiel and Junun/ seed meal (‘inu tluu’efore, 
replace 20 per cent of the. yellow maize meal in growing ration withoni. ;iu v d»‘t.ri 
mental effect. This is rather interesting because similar expciimcnts rained oiu. 
on laying liens [Bose, Thakral a.nd Narayanan, lor, e/V.| nwi'aled tha.t /nijunr M-ed 
meal had great depressing (dfcc.t on <*gg production. The fa, e, tor present in poana 
seed meal, which adversely a,if(',cted egg ]n*o(luction, had Iherefm-e no defrimenfid 
effect on the growth of chicke-ns. 

The average food eunsumptions w(',re satl.sfae,tor) and \erv similar for all Hie 
three groups. The utilisation of the e.'cpcrhnt'iital rations to ounees per lUou .- 
ii\H?. u’clght gain did not show any signiileaut dilferemM*. 

Summary 

The incluaion of maiigo-seed-lci'mel and jiundii .seed niea! hy teplueinv :!n prr 
cent of yellow maize meal separately in a normal growing ration showed no drju 
mental effect. The rate of growth, food cmisumption .and food utiitsatiou were 
similar in all the three groiipK. 

llElimiONtiKN 

Bose, Thakral, B. M. and Narayanau, fi. (lO.'iO). 'I’lie faie.a, of tin- addition t»J mauj/o smt 
kernel and jfonfm seed meal in a simplilied poulhy i-atioii (oi- egg prodiirfioii. 

{1) Froc. Indian iid. (Jong. Vaom, lOHO. 

(2) Indian Poult. Gaz., 2i, 4, 12-17. 


PHYSIOLOGICAL STUDIES ON THE BLOOD OF DOMES » 
TIG ANIMALS III. THE NORMAL BLOOD PICTURE OF 
THE KUMAONI BULLOCK=^ 


.I>y V. N. Mubty and N. D- Kehak, Animal Nutrition Division, Indian Veterinary 
ResearcL. Institute, Izatnagar. 

(iieceived for publication on 30 January 1952) 

T he importance of the study of the normal blood conxjjosition of animals in 
nutritional aiul ])li 7 siological research has been emphasized by Sen and Roy 
[1933], Kohar [1.940] and Kehar el al. [1940, 1945, 195J.<x, 1951?)]. The factors likely 
to cause variations in blood from the nomal range may be of (bod, breed or climate, 
iMullick and Pal [1943] observed variatio,ns in the blood (‘.omposition, of Hariana 
and Dhamii breeds. Since extensive nutritional investigatioixs are xiai’riod out on 
Kumaoni bullocks, which are. commonly found in, the lower Himalayan ranges and 
are very economical and docile, it was consid<vpe(l desirabhi to study in detail their 
normal l:>lood components. 

Experimental 

Tw*'.ni;y .four he.altliy adult Ivumaoni bullocks were selected for analysing the 
Tnorphologi(‘al, organic and inorganic constituents of blood. Tlioy ^Y 0 l'e main.- 
tained on the Institute basal ration or>nsisting of rape (jake and wheat bhooaa 
tiiroughoiit the experimental period. ITie observations wore recorded during the 


Table I 

Showing the nwrphologimi consUlueMs of Kunumvi hullock m mmpared io Harimia 
and Dhamii Imllooks 
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momuoL- Jiiouths, .Blood wjifj drawn from tho ju^riiinr win hcf.ov Mh- uiunoo- f--, 
was Tlio morphological mu\ blond Mooir (mhh! n dn- ot- 

stanocH) w(>ro eBtimatod in tin* whoh* t>ln<wj MmlIm-o : f . 


M'd, 

, ^ ■ i-wunvHjtM-llf.n <*00 Uionti Hllgar ff.lHHl Ti ■« i ( j i ’ J j t ' *■ .qilt 

HtanocH) W(*ro eBtimatcd in tlu^ wiiohi bl(»od. Ncntral potossinm osulnh* uo:' u.rd 
as the anticoagulant and the jiccmary <n.n,vfd,lon mad.' in ••ch id.t.l on- iln- rr!l 
voiiauc. llio morganio couBtitueiitB, m., calcium, iniU'gruuV plm-n.hunm. amnu.'. 
N.unn, Hodiuiu, -potasBium and olilcmdcM, imkI protciiia ui-rc c^.t!H!.d.'d m IiIm..,! M'nnn. 


IlEStlLTa ANO OIKUOSi^ION 

1 Nrf‘- ‘ «'«r« (let.iTiiiiLu‘.( I., tli.- m.'i.im.iv 

caulo |'„u„ r. U i» „vid,mt, fr,„n tl,;, I |.|„. lu„„L„„ 

as coinparcd to the lianana and Dhauai hulhick,., t.r..rd.*d sn-ndh-uni- in ' r 
lorpLlt' l‘‘^‘‘'«n>d:ologi<.,a| c.mBtii, neats studied . venpi, ih, Vhu-' 1 . 10 . 1 ! 

Ihtemmjlohin. The method of Newcomer a- d*‘srn!a.d hs iluv‘ r - 

8-0 ■ ; 

..nth™ a VIU,.., of 7.!, ,, ''.lllid of , t,' iV,',. ' I' 

i.ioo,f • '■■■ 

ail average value of SS-I- (K'i3 This liiriir'.*|!! ' "f nii,|, 

repo.ttod for tlic Dhaimi Imlloidcs. ' ‘ ' ^ ^ ■ 

Corpuscular volmie. The averane cormiscd-Lr , i 
tent with am,,geofyamtio,..sf„,,„XM rjZ " "'''' 

Coi'imHonUif iHd'in's (c-al^iilalfid.) Tin* 'lei.v.i., 

54-0:;bI'l cnbie aiicrone Uh a mL, , f d-i "•I"'- 

eorpuBcuhir haomoglobiu varies },etw*eii lO-J \L im 

camcentration is 20-3 and I9-0 nor oonf va-vI f lim iu..-, ....... 

All the corjuisciilar values are lower thaii those 

cil!.] Ibi' tile Tfariaiia hiiihados. * * ''l“>t’b'd by K,.}j.,r jimi Mnr}*. j/,>, . 

(hyanJo and inorganic CAmstituenlH. The ramm -o. I H. 

Hagedin ind dSS h' Jn-Mmu- 




}»er 


^oboii.' i.-i 
d’lif mean 
nil 

>’0 


.’December, 19o'2 ] 
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Table II 


Sh&mn-g the organic and inorgamc constituents of KunufmU builock as compared 
Hariana and Dhanni bullocks. 



1 KUMAIWI BtrUiOCK 

Mean with 
standard 
error 

Hatiiana bpmook 

DHAAiSi 

bujumjcsb: 

Coiisf.tt.Heate 

1 Maximum 

Miiumum j 

\ Mean 
[Kehar and 
Murty, 1945} 

i Mean 
[Mullick and 
Pal, 1943] 

1' — 

1 'Mean ' 

■ [Mullick and 

1 ■ PM,T94SI ^ 

Orff a n k comtUumU 







SuKSj (Total reriudJiK substMiccH) 
mg/ioo ml. blood. 

lOd-ii 

70*8 

88-1 i: 2-08 

75-e ^ 

82-« 

a3-8 

Scrum protein giu/lOO ml. rterum 

a-h 

iVl 

«*70iO-125 

a*«i 



I norgauio ('omUtnents 







I'ideium mgm/lOO ml. serum 

11 -4 

U'4 

10-5±ri-10 

10-4 

II)-.-. 

IM 

Iiiorgftnlc phosphorus tu«iu/ 100 
ml. serum. 

.a-u 

4-a 

U-8d:0-d0 

4-28 



Alapnesium phosphorus tmiin/lOO 
ml. serum, 

■ :M0 

l'7t 

2-a.'i±0‘ii 

2-7H 

2-40 

mo ' 

Sodium phosphorus mgm/KK) ml. 
serum. 

i 48l> 

3r.;{ 

:i*«0± 16*24 




I'otassium phosphorus !us>ju/10(l 
ml. serum. 

i 

l«-5 

1M» . 

14d>db0*28 



.. 

Chlorides phosphorus tugm/Klil 
ml. serum. 

4 Id 

' (14 

:i8*r>±4'42 


" 



The range of blood sugar was from 70’6 to 102*3 with an average value of SS'ii 
2*0() mg. per 100 ml. of blood. Mullick and Pal [loc. ozV,.] noted 88-3 and 82*6 mg, 
per loo ml. of blood of Hariana and Dhanni bullocks respectively. While Kehar 
and Murty \Iog. e?‘t] reported a lower value of 75*6 mg. per 100 ml. of blood for HarianA 
bullocks. 

■ Serum ‘proteins. These were estimated by the well known Kjeldahl method as 
desciribed by Hawk et at, [Zoc. citi\. The mean serum protein content was 6*79i{:lb25 • 
gra. per 100 ml. of serum, with a range of 5*1 to 8*9 Kehar and Murty [loo. cit.J 
reported an average value of 8-61 gm, per 100 ml. of serum, a value definitely higher 
than for the Kumaoni bullocks reported here. 

]‘norgame constituents 

(Jalekmi. Calcium was estimated by the method of Clark and Collip fl926|. 
The average calcium content of Kumaoni bullocks is 10-6d:0-10 within the limits 
of 9*4 and 11*4 rag. per 100 mb of, serum and is in agreement with the calcium content 
of Hariana bullocks reported by Kehar and Murty [he. eU.] and Mullick and Pal 
[loc. eit.]. The value of 11*1 mg. per 100 ml. of serum observed in Dhanni bullocks 
by Mullick and Pal [loc. citi\ is higher than the one recorded here for the Kumaoni 
bullocks. 

Inorgamc 'phosphorus. This constituent was estimated by the method of Eiske 
and Biibharbw [1925] as described by Hawk et al [?oc. The mean inorganic 

4 
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phoBpliorus contort is (r84;:0*20 within thi,i liinitH of 4*H and Hsi in^. |H'.r ilMI mi. 
of Hood sow. Tho figure reported for Hariana }>u11o<*.Ivh hy KeJiar and Muri.y I/o'L 
€'?■«.] is signiiiiiaiitly lower. 

Magnetikm, Magaeaium was ostimatcMl by the method of Fiske aixl Subhn.row 
P#e, oiL] as desoribed by Hawk et al.^ The mean magnoHJum of 

the blood serum of Kumaoni bullocks is 2*35- {-O*! I with a range of !.*71 tio mg. 

per 100 ml, Mullick and Pal [loc. cif.] observed a similar value for the tnagiieHium 
content of Hariana bullocks, but Kehar and Murty [loo.eit] reiumled a higher vahie., 
2*78 for this breed. The Kumaoni bullocks exhibited a lower magnesium I'Ctnttmt 
than the Dhauni bullocks. [Mullick and Pal, loc. cit.] 

Sodiom. The method of Weinbach [1935] was usexl in estimating the sudinm 
content of scrum. A very wide range of 253 to 489 mg. pe.r lf)d ml. was notii'isj 
with an average amount of 369 k 15*24. 

Potassium. The soDim potassium ws-s detennine,d by tint undliod nf Ih-tdi 
and Gaebler [1930J. The maximum and minimum value.s weo*. Hi-b and ! i'f» mg. 
with an average of 14‘0d:0*28 mg. per 100 ml. of blood serum. 

Chlorides. The serum chlorides were estimate, d by the, method of Whitelmru 
[1920-21]. The average chloride content was 385 | 4*42 within tin* rangnt of ;U4 to 
412 mg. per 100 ml. of serum. 

From the foregoing data, it is observed that the blootl compo.sition of Kumaoni 
bullocks, which showed lower haeraatologh'-al values as itiunpared to those t»f pure 
bred cattle, compare favourably with the blood ]>icture of buffalot^s repurtetl by 
Kehar and Murty [1951]. In view of the breed ditTercnc<?H, in the haeniogltduji 
concentration and the red coll count, ob.served by Mauresa ami lleyes {1934} ami 
Mullick and Pal [1943], the low values recorded, for those oonstitutiuts, in the prcHtmt 
study, seems to bo characteristic of the breed. The mean cor]mseular volume, and 
the mean corpuscular haemoglobin of goat blood j.Murty and Kelvar 1951] arc Itnvei 
than that of Kumaoni bullocks. The serum calcium and magnesium <«mttmts of 
.Kumaoni bulIook.s are almost the same as observed in buffalo { K<‘har au<l Murty, 
loc. dt.], goat [Murty and Kehar, loc. cit.l and juire lired cattle [Kehar atui .Murty, 
loc. cit.^ Mullick and Pal, loc. The sornm iialoium content is liiglu^^r and tlie 
chlorides lower in equine blood [Kehar ct al, 1940] as immparwl to that of KumiMUii 
bullocks. 

It is observed that the Kumaoni bullocks recorded higher amountH of scrum 
inorganic phosphorus and blood sugar but lower serum proteins, than the pure br<>d 
cattle, but they compare favourably with buffalo [Kehar and Murty, lao. cit.j and 
goat [Murty and Kehar, loc. dt.l. The sodium and chloride contents of goat serum 
[Kehar and Murty, loc. a#.] are lower and the potassium content similar tf> Kumaoni 
bullocks. The above findings indicate that not only the blood ennstituenis of 
different species of domestic animals differ, but variations are also found in different 
breeds of the same species. 

Summary 

Previous investigations carried out in this laboratory had indicated that there 
-may be a possibility of variations in the amounts of the constituents of the blood in 
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different breeds of cattle. Since Kumaoni bullocks are extensively used for meta- 
bolio and physiological experiments, attempts were made to establish the phynio- 
logical standards for the blood constituents of this breed of cattle. These observa- 
tions included the study of the morphological, organic and inorganic constituents 
of their blood. The average values with standard error are given below: 

Haemoglobin : 740±0-18 gms. per 100 ml. of blood ; Eed blood cel! count 
6"50d::0-24 millions and white cell count 840±0-33 thousands per cubic millimeter 
of blood; cell volume — 36*3d: 1*34 per cent; mean corpuscular volume— 54* 6. 
M7 cubic microns; mean corpuscular haemoglobin ll*6d:0-29 micio micro 
grammes mean corpuscular haemoglobin concentration 21*2d:0'40 per cent ; 
sugar 88*ld:2-06 mgm. per 100 ml. of blood ; protein 6-79±0-26 gm., calcium 
1(>5± 0-10 mg., Inorganic phosphorus 6*8di0-20 mg., magnesium 2-36diO*H 
mg., Sodium 369^: 15-24 mg. ; Potassium 14'0dz0'28 mg., and chlorides 386± 
4-42 mg. per 100 ml. of blood serum. » 
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THE BUFFALO— A REVIEW 


Bv E. S, E. Hafez, Ph.D. (Gafitab), Faculty of Agriciilturo, Cairo, Egypt 
(Received for i)ublir!atiou on 13 Marcb, 1952) 

O NE of the most urgent prohlems facing milk prodne,tion in the tropical and 
sn])-tropical cjouiitries, is to find a suitable t_ype of dairy animal which combines 
high milking capacity and tolerance to severe conditions of climate, disease and 
defc^ctive mitrition. Tlie domestic buffalo is considered the premier milk producing 
aniimil in the tropics. Some of the characteristics of the buffalo render it more 
suitable than the cow for daijy farming in other parts of the world as well. 

Zoologiocd Status 

The buffalo is a member of the ox-tribe, sub-family Bovinae. Five species 
of the wild buffalo (Table I) are known to have orginated in the equatorial and 
tropical zones in swampy moist <listricts of low altitudes. Their systematic classi- 
fication is mainly based on the distribution of the hair on the body, the colour and 
size of ears and size of skulls. The characteristics of the horns are also considered, 
namely, their number (from 2 to 4), the degree of llatness, approx inuition to the 
forehead, direction, reflection, length and thickness of the base. 


Table 1 


Qrigm of wild buffalo {Sub-genus imfxdus) 


Jditin name 

English name 

Origin 

Number of 
varictie.s 
reported 

JBos (Bubalus) bubalis, L.* 

Indian 

India and Assam 

4 

Bos (liubiilus) rr/ffir, L.* or Bos (Syncerus) 
differ, Sparrmant 

' African (Cape) 

Algoa Bay, South Africa 

21 

Bos (Biibalus) tnindormisis, L.* 

Carabao 

Mindoro anti Philippine 

1 

Bos (Biihahift) drprsssirornis, L.* 


Celebes, Asia 

■ 2 

Bos (Bubaln.s) pnmiUis, L.^ 


\Ve.st Africa 



^I'Lvdckkci- [I0i:q 
tAsrlell [.194«3 

JFlower and Lyclekkor [1891] 
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prfWems facing milk prodactioii in the. tropical aiul 

defoc“v7n ,tS^^^ tolorauco to severe conditions of climate, disease and 

aotoot V(, mitrition Ihe domestic buffalo is considered the premier milk nroduoine 

i "b e'tl,™ t «f ‘'-.o'-^toisties of theliffalo ”,2 it Zre 

MiitriliJu tJiciii the cow for (kiiy furmiiig ni other parts of tJie worl.i as well. 

Zoological Slakis 

of tl.?7ld''i*o!r !' m-'r'rrf "7'"' B'>vinae. Five species 

C.t the. Urld hulfalo (lable .1) are known, to have orgiiiated in the einiatorial and 

tropical zones m swampy moist districts of low altitades. Their svstemX ckssf 
hcatioii IS mainly based on tlie distribution of tlie hair on the body the colonr'and 

TnelvT l>'>nrs a7;,to eonsIL f 

namely their munlier from 2 to -I), tlie degree of flatne.sB, a|ii.)ro.>!imation to tlm 
ioieliead, direction, retlecthm, length and thickness of the base. 


Table 1 

(htgin of wild hujfalo [Svh-gcMus huhalus) 


J^utin juitne 

English name 

Origin 

Number of 
varieties 
reported 

Bos (Bubalus) huhalis, L.* 

Indian 

India and As.sam 

4 

Los (LubaliiH) raJifer, L.* or Bos (Synccrus) 
aiffar, Sparrmiurj- 

' African (Capo) 

Algoa Bay, South Africa 

21 

Bos (Bubaliis) mindormsls, L.* 

Carabao 

Mindoro and Philippine 

I 

Bos (Bubaliis) dejm-.ssiewnis, L,* 


Celebe.s, Asia 

2 

Bos (Bubalus) puinilns, L.J 


West Africa 



tAKdcll [104(5] 

JEIower {itjd Ljdokker [1891] 
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THE BOTPALO— 'A BEVIEW 


[Vol XXII, Part IV 


Indian Buffalo {Buhalus bubalis) 

The Indian buffalo has been domesticated since prehistoric times on the Indian 
plains, and it is not found at the present day in a truly wild state. The buffalo 
cow is met with in a more or less domesticated state throughout the nortl), tropical 
and sub-tropical zones. It is found in India, a large portion of China, Malaya, 

Persia, Afghanistan, Bulgaria, Rumania and all the countries of the Mediterranean 
basin except Prance. In the southern tropical zone, it has been only introduced 
into Melville island near the northern coast of Australia. Thus different races of 
the domestic buffalo now exist and are essentially the same as the Indian buffalo 
with variation in size of horns, colour and texture of skin and slight diffe,rence in 
the conformation. Breeds have also been evolved, and in India there are over n. 
dozen breeds, the most common reported by Kothavala [1935] are the Jaffixrabadi, 

Murrah, Mehsana, Nagpuri and Siirti. 

The age of the domestic buffalo up to a certain age is indicated quite accurately 
by the teeth as in cattle. Its skin is thicker than that of cattle, the e|)idx‘.rmis is 
thicker, the texture of the cornium is coarser, the hair and sweet gbuids are ftnvtir 
and the skin secretion is less intense [Yamane and Ono, 1936]. DctaihHl studies 
on the growth of the buffalo as compared with that of cattle have been undertaken 
by Maymone [1945], The number of chromosomes is 2u— 48, forty rod-shaped 
and eight V-shaped, the V’s being clearly distinguishable in size, whihi in cattle 
the chromosome number is 2n=6() [Makino 1944]. Cattle' zebu crosses are ffutih?, 
while cattle buffalo offspring have never been produced. 

In their habits buffaloes resemble cattle apart from a few exceptions. T’liey 
are strong swimmers (swim very low in the water only the eyes and nostrils abov<% 
the surface) and are exceedingly fond of wallowing in pools, plastering themselves 
with mud, possibly to get rid of the external parasites. An account of their past, 
present and future in agriculture, and also a brief review on their, reproduction follow. 

(a) Agricultural Utility . — The buffalo is semi-aquatic in its natural ha])itat, 
and is to be found in places which, far from being swampy, provide severest cdimatic? 
conditions both in the summer and in the winter, with a limited amount of rainfall. 

It is highly valued almost throughout the East wherever rice is cultivated. It can 
. adapt itself to varying conditions to a remarkable degree. This is one of the main t 

reasons why it does so^ well as a dairy animal in many countries where it has been 
imported under conditions different from those prevailing in its natural habitat. 

In some countries, the buffalo is regarded as the best animal for butter production 
in the tropics, while cattle are superior for milk production. The bufffxlo is docile, 
hardy and a regular and steady yielder. It is not very susce])tible to c]iang<is 
of place, milker or feed. The mammary glands arc ex(jeptionally well de.vclojKjd. 

Its capacity to convert feeding stuffs into milk is probably unequalled by any otlun.' 

species of farm animal. The lactation period lasts from 1.0 to 18 months i'md tlu'. 

milk contains nearly twice as much fat (buffalo’s milk contains 6 to 13 per ce.nt fat) 

and total solids as does the milk of the European cow. The buffalo’s milk is us<.>.d ^ 

mainly for the production of butter (for table and cooking), while the by-|)rodncts 

of the dairy industry (butter-milk, skim-milk and skim-cheese) ari'. used Imman 

and animal consumption. It has been stated that the application, of wat( 5 r to the 

body surfaca of tho animal lowers the body temperatur(i and (,)revciits rcdij.<*/!:h.)n 
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ill the milk-yield [Siulia and Miiiett, 1947]. The calf can be delivered without 
iimcli didiculty. The butfalo calf may then be hand reared (jiail suckling) with 
good attention. 

Buffalo meat is thought to be coarse^ but this is due to the fact that old animals 
ar(i usually slaughtered, and the meat of an animal, four to six weeks old and properly 
fed, in no way dilfers from veal. With regard to the relative nutritive value of 
Imffalo beef as compared with ox-beef and veal, it is stated that the former is dis- 
tinctly superior in several respects. Buffalo beef differs markedly in structure from 
ox-beef, the muscle fibres being thicker and the nuclei more abundant. In trans- 
verse sections, the fibres are polygonal instead of irregularly shaped, the component 
fibrallae are larger and there is a greater amount of sarcoplasm. Deferences also 
occur in regard to the distribution of the subcutaneous fat, coimective tivssue and 
elastic tissue. ' 

The buffalo bull cannot stand cold or heat, yet he well adapts himself to hard 
work. In India, the buffalo is generally more susceptible than cattle to Foot-and- 
Mouth disease and Anthrax and the incidence of Anthrax is almost the same when 
compared to cattle. 

Although some of the breeds of domestic buffalo have been introduced in a 
large number of places, their introduction in some sub-tropical countries is still 
limitid. In the British colonies (tropical Africa) and in most parts of China there 
are large areas of swampy land which cannot be drained and which supply abundant 
grass oil which the buffalo would no doubt be rendered productive. In the United 
States, the swamps and marshes of Florida, Louisiana and Mississippi should be 
especially suitable for buffalo iiroduction. 

Selection must be made to ensure high milk yields from the dairy herds. More 
angular form, better development of the udder and milk veins may be attained by 
careful selection. The selection of the breeding animals may be based on the progeny 
testing of each individual buffalo-bull. Cross-breeding amongst the different 
breeds and races of the Indian buffalo might give desirable results, and artificial 
insemination could be applied on a larger scale. Further careful studies should be 
made before an attempt' to spread the areas of buffalo raising. 

(b) , BeproducMon. — It seems that the breeding season is continuous all the year 
round although conception occurs more frequently at certain periods of the year. 
In the Philippines, maximum sexual activity seems to occur between August and 
January [Villages, 1928; Manresa and Diapo, 1938; Ocompo, 1939]. In India more 
frequent conceptions occur from August to November [Dave, 1938], while in Bulgaria 
tlie maximum ovarian activity coincides with the. autunm and winter months 
[Kaleff, 1932]. In the Egyptian buffalo the average number of conception which 
required one, two and three services are 55-63 per cent, 21-62 per cent and 7'66 per 
cent, respectively while the average number of services per conception is l-46fi“()-31 
[Hafez, 1952 a]. ‘ . 

Conception followed by embryonic mortality is suggested for some of the animals 
which are served and do not conceive [Hafez, 1952 a.]. In the Philippines, the 
biiffalocow reaches puberty at the age of 26 to 29 months [Villeges, 1930] while in 
Egypt, tlie first oestrus is mainfested at the age of 15 to 18 months [Hafez, 1952 b]. 
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The signs of oestrus and the behaviour of both sexes at niating luive ([<^s- 
cribed by Ocompo [1939], who has stated that the synijitoins ar<^ more iniirlaui in 
the Philippine carabao than in the Indian. He lias attributed the absence of the* 
thick vaginal discharge during the heat period to the frequent urination, of the <h^s- 
toous female. In general, the symptoms seem to, be much intei-iso than. in. c.attle. 
The duration of oestrus is about 1 or li days and the maximum diiraption is four to 
five days as recorded by Ocompo [1939]. The length of the oestrous cycle, whic'.h 
18 about 21 days, is more variable than that of the cow. The cycle length of 37 
days reported by Ocompo [1939] may not actually be the length of one oc.strous 
cycle but perhaps two cycles intervened by one silent heat. The liistology of the 
vaginal mucosa does not denote the phase of tlie cycle [Manresa and Dia])o, 1938]. 
The occurrence of ovulation does not depend on the ago, the milk vield or the physical 
work; and in healthy animals as a rule conception follows ovulation. | Kalelf, 1942]. 
1 olding and Lall [1945] have given a descriptive account of the (u,)m)>arative genital 
anatomy (comparative measurements of genitalia) of the l)ulfa,l() and the e.ow. 
Ihey have stated that in the hulfalo, the recent coipus lutem is vtuned with rcul 
ami has a haemorrhagic protrusion (luteal protrusions 3 to 10 mm. in diiinuder) 
while the re^’essiiig corpora lutea are not veined and white in coloui-. TJiey have 
a so sJiowp that never during the cycle is the luteal substance yellow while the 
luteal cavities (3 to 5 mm. in diameter) are common. 

Symptoms of pregnancy and approaching parturition (changes in tlu! genitalia, 
iidder and vaginal discharges), behaviour during ‘pofit-parfdim and tin*, cliange.s in 
e ive ''’’■^ight and the body measurements of tlio pn^gnant buffalo-cow luive l)een 
t escribed by Ocompo [1939], In Egypitian buffaloes, the average length of g(‘.sta,tion 
TO i ±0*8 days and^male calves are c.arried for a longou? period, tluin females 
[ agab and Asker, 1951]. Maymone [1945], however, statns that pergnamy 
IS s orter in the case of the male foetus. The month of calving has a significant 
ettect on ien^h of gestation while the calving sequence of the dam or lu'r age have 
no eftect on the gestation period [Ragah and Asker, 1951]. .Pregnancy is slightly 
shorter m the case of the pregnant heifer [Kaleff, 1932 ; A'laikus, 1913]. fn gemvrai, 
the gestation period varies with the race as it does in cattle and it ranges from 287 
to 340 days (Table II). 

The interval between calving and post-partum heat .seems to depend on ge.mitic 
factors which are characteristic of the strains as well as the individuals [Kaleif, 
194-]. Asdell [194(>] has classified the Indian (Asiatic) buffalo into two races, a 
swamp race with nocturnal mating and with the post-partum heat occurring afte.r 

buffaloes 

davs SI beginning of their lactation period up to 118 

h«trS« 7nf± r It H- t" 2 rfiow tli.- 

H« f tmff I ^ lactation penod (8 to 12 montlis) ( Kaleff, J ffJKl. Tlie Kkyo- 
reonirrffromTf^” Wtous 22 d,ayK after culviiiK, wliilc concojitulii 

okT/LTI J- r II summarises tlio literature 

OK tie repioductioii of tie domestic buffalo in ite different brcc(liuj> oeutres. 

period of " “’'T “ “‘™'S witb tie 

ftZ to Zn“ rfT pri'ail-avous bulfaloes calve 

a Maicl to April wide the multiparous ones calve from August to Hepetiulier 
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[Maymoii©, 1945]. Tlie number of calves in the lifetime of the buffalo-cow may 
reacli 14 or 15 [Dave, 1940]. G-eiiital abnormalities such as cystic ovaries, cystic 
corpora, dermoids, thin walled luteal bodies and the presence of cysts on the geni- 
talia have been described by Polding and Lall [1945]. 

It would be of interest to find out the relationship of the interval between 
calvings to the milking production. The effect of age on the occurrence of ovidation, 
and conception is important in determining the best age for culling the old animals 
from the breeding herds. An effort is needed to evaluate the imxiortance of early 
foetal or embroyonic death followed by unseen abortion or resorbtion. It is 
suggested that the effect of physiological, pathological, genetic and nutritional 
functions may be studied on the reproductive efficiency of the buffalo-cowL This 
will help in a more adequate assessment of fertility than by the number of servic,e.s 
required per conception or tlie percentage of pregnancies. 

The buffalo-bull can be used up to 10 to 15 years and can serv(‘. 50 ])nffilo-cow‘‘^ 
yjer annum [Dave, 1940 ; Marsh and Dawson, 1948]. The biiflalo semtui is milk 
white in colour with a very light bluish tinge (the bull’s semen has a more or less 
yellowish tinge). The average ‘volume of the ejaculate is 3*45 d: I'l O c.c. while the. 
sediment (after centrifuging) varied from 8-5 to 25 per cent [Mahmoud, 1949]. 
The sperm count ranges from 210 X 106 to 2000 X 106 per c.c. while joH ranges from 
6*6 to 7 and the most suitablie storage temperature is 7“C [Mahmoud, 1949]. ’ITie 
former authority was able to differentiate between buffalo and bull semen by bio- 
metric, morphological and cytological evidence. Seasojial variation in tlie semen 
quality of the buffalo-bull has been stated by Badr-Eldin [1952]. Penicillin and 
sulphanilamide solutions have been successfully used to dilute buffalo se.meii to 
inhibit the growth of the bacterial contaminants [Mahmoud, 1952]. 

African Buffalo 

The two species of wild buffalo found in Africa have never been found domesti- 
cable, Both are found rarely in remote districts where they live on aquatic plants. 
Tliey are among the African game animals that have suffered most severely from 
rinderpest, especially the severe attack of 1890. At present the wild buffalo is 
found in the bushy, forest-clad districts of Cape Colony, Zululand, South-Wij.st 
Rrhodesia and Portiiguese East Africa [Haagiier, 1920 ; Shortridge, 1934]. 

The evidence regarding their breeding season is somewhat conflicting, init 
suggests a fairly prolonged breeding season which depends on the climatic conditions. 
In South Africa, the breeding season appears to be from September to xMarcli, i.e. 
the spring and summer and the gestation period is some 11 months [Shortridge, 
1934]. 

Summary 

The Indian buffalo {Buhakis huhalis) has been domesticated and is found in 
many tropica] and sub-tropical countries while the African buffalo {Bos caffer) is 
not domesticable. The buffalo is the best tropical source of butter as well as an 
important source of meat. It breeds all the year round, oestrus lasts for one day 
and the cycle length is 3 weeks. Pregnancy lasts 10^ months while the interval Ite- 
tween calvings depends on factors such as heredity. Buffalo breeding should be 
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based on selection, progeny testing and crossbreeding altliougli critical data 
on its productive and reproductive capacities is still lacking. 
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weig]i.t of an animal at any stage of life is a plienotypio expression of its 

genety pe. Tiie wider the difference between the two expressions, the less impor- 
tant is the ])henotype as an aid to selection. The part played by environment in the 
delicrmination of birth weight seems to be of special importance, Bii'tli weight 
is th(! first measure of the prospective value of the animaFs weiglit ami it. is more 
ecomjinical to cull the surplus males in the herd as early as possible. In consider- 
ing the birth weight of animals in breeding plans, a full account of the importance 
of the different factors causing variation should be known. 

This investigation aims at the study of how birth weight in Egyptian cattle, 
Pure-bred Shorthorn, Shorthorn grades and buffaloes is affected by gonotical and 
non-genetical factors. The effect of sex, sequence of calving, month of calving 
and the sire of the calf were studied. Also the repeatability and heritability of 
birth weight were cletermined. 

Material and methods of analysis 

Birth weights of calves from cattle and buffaloes were available on 133 males 
and 153 females in the case of buffiiloes and 140 males and 130 femal(.^s in the case 
of oow^s, besides 133 calves of pure and graded Shorthorn of both sexes. All those 
calves were born as singles. The calves were born from 1930 to 1950 on the farm 
of the Faculty of Agriculture, Giza, Egypt. They were dropped mainly during 
Autumn, Winter and Spring ; and few cases happened to be born in Summer. The 
buffalo calves were sired by seven bulls, wliile the cattle calves had six sires. 
Each bull had seven or more calves. Calves were usually weighed within 24 hours 
of their birth and their weights were recorded in kilogrammes. 

The analysis of variance for sex and sequence of calving was worked out using 
the method vsuggested by Snedecor and Cox [1935]. In estimating the lieritability 
of birth weight, the parental half-sibs method suggested by Lush [1948] was used. 

BeSULTS AND DISCUSSION 
B/Jbef, of secij and sequence of Gaining — 

The numbers and means of birth weights for cattle and buifalne,'; arti ])resented 
in tables I and II respectively. Tables III and IV show the analysis of vavia,uce 
for the effect of sex and calving sequence on birth weight for Egyptian cattle and 
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buffaloes in tlie same order. Tlie results show that females are lighter tlum mahi 
calves at birth in both cows and buffaloes. The differon(;e l)otwcon tin?, two soxcis 
is highly significant in both cases. This is in accordance with the findings of K.uii,|>| > 
et al [194-1] and Tyler et al [1947]. 

The average birth weight of buffalo calves was 38*50 a,nd 36*41 kilos for males 
and females respectively. In the case of Egyptian cattle the averages wcu’ti 25*'/ 7 
and 23*93 kilos in the sam,e order. 

Buffaloes in both sexes exceeded cattle in birth weight by 12*73 and 12*83 kilos 
in the case of males and females. Such differences are expected since wo are deal-- 
ing with different species of animals. 

Table I 


N mnbers and means of birth weight in kilos according to sex of the calf and adehtg, 
sequence of dam for Egyptian cattle. 


Sequence 

Males 

b’umatw 




' 




Number 

Per cent i 

Moan 

! Numbor 

Por cesnt 

IVIoan 

Isfc 

28 

20-00 

23-76 

26 

20-00 

■■ 21*73' 

2nd 

41 

29-29 

25-95 

30 

23-08 

23-40 

3rd 

25 

17-8G 

26-60 

25 

19-23 

24-00 

4th 

19 

! 13-.57 

26-37 

12 

9-23 

25-58 

6th & 6f.h 

16 

1 11-43 

26-81 

19 

14-61 

25-37 

7th & over 

11 

1 7-86 

25-8] 

18 

13-85 

25-33 

Total and 

i 140 

1 100-00 

26-77 

130 

100-00 

23-!)3 

Average 

j , ■ , ' 







Table II 

Numbers and means of birth weight in kilos accordiiig to sex of the calf and calving, 
sequence of dam for Egyptian buffaloes 
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Wlien dams get older, tlie average birth, weight of their calves tends to in- 
crease. It is more pronounced in the early parturitions, i.e., 1st, 2nd and 3rd 
ones in both cases, tlian it is in the later ones (Tables I and II). This may be due 
to the increase in the dams’ weights as they advance in age and approach maturity. 
Moreover, the analysis of variance set out in Tables III and IV, showed that the 
mean square for sequence of calving is highly significant. The interaction between 
sex and sequence is not significant in either cows or buffaloes. 

This result does not fully agree with other investigations carried out in this 
respect. Knapp et al [1941] stated that the first calves were lighter than their 
subsequents in birth weight, but beyond that parturition no consistent trend was 
evident. On the other hand Tyler et ar[ 1947 ] reported that calving sequence has 
no ^influence on birth weight of calves after the second calving. Probably, the 
ddiercnt methods used for raising dairy calves as well as the feeding and management 
oi dairy heifers are responsible for the discrepancies between the results obtained 
m this subject. 

Table III 


Analysis of variance of birth weight for sex and calving, sequence in Egyptian cattle 


Source of variation 

Sum of 
squares 

B.F. 

Moan 

squares 

Significance 

Between sexes 

276-46 

1 

275-46 

H.S. 

Between Caly, Seq. 

393-72 

5 

78-74 

ILS. 

Sex. Sequence 

45-68 

6 

9-13 

N.S. 

Within individuals 

3,473-00 

358 

13-46 



Table IY 

Analysis of vartance of birth weight for sex and calving sequence in buffaloes 


Source of variation 

Sum of 
squares 

D.P. 

Mean 

squares 

Significance 

Between sexes 

262-36 

1 

1 

252-36 

Sig. 

Between Calv. Soq. 

1,014-63 

6 

202-91 

H.S. 

Sex Sequences 

162-33 

6 

32-47 

N.S, 

Within individmals 

11,061-82 

274 

40-37 

- 
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TABLE V 


Analysis of variance of birth weight for sires {Egyptian cat lie) 


Soiirco of variation 

Smn, of 
aquaros 

I). F. 

Moan 

sqiutrt).! 

Betwoon .sires 



312-65 

0 

52*, 11** 

Witiiin „ 



2,379-33 

101 

12-40 

Total 

2.001 -9S 

]07 




Table VI 





Analysis of variance of birth weight for sires (buffaloes) 


Source of variation 

(Sum of 1 
squares 

D. F. 

Mean 

s(fnaros 

Botwoon .sires 



1,251-05 

5 

250-30** 

Within 



7,001-73 

222 

35-60 

Total 



9,153-08 

227 



** Highly 3igninoaut-~<'01 


Effect of sire and Jicritahility of birth weight— 

iBvestigation, seven bulls and six ])idTal(»-hnllR were, 
mII!! f t in TaU<« V and VI rt.ak tl.o 

wnr lc! j groups ill birth weight were higlily signifieant. In. other 

r, fl rt *“ heavier calvos ottei-voduced li-drtor 

wflioM T “ oetimatins tlio horitaliility of liivtli 

rj lt half-sil, comMou niothod van 

tabilitv of hh+h 7“®!+'’ avaiUde. R 3 tim,.i,on for liori- 

peoMy ’ 

weiate^in°beef ™ estimate of -iS for the luiritabiiity of I.iirtli 

that the average o»li,nalTfZrite»ff^^^ 
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different correlations between relatives. Knapp and Nordskog [1940] and Dawson 
et al [1947] used sire-oli'spring regression and parental lialf-sibs methods for estima- 
ting the heritability of birth weight in beef cattle. Their estimates ranged between 
11 and 42 per cent. 

This analysis shows that the heritability of birth weight of Egyptian cattle 
and buffaloes are higher than most of the previously mentioned results. Such 
results are expected since cattle and buffaloes in Egypt arc mixed populations and 
consequently the genetic variability of birth weight should be higher than those 
of tlie established European breeds of cattle. 

According to such high estimates of heritability for birth weight in both Egyp" 
tian cattle and buffaloes, it could be concluded that phenotypic selection could 
be used for improving birth weights of animals. Since the genetic relation between 
the birth weight and other subsequent weights was not investigated in this study, 
it seems difficult to depend only on such measure for increasing the weights of 
animals. However, Kadi [1962] working on two breeds of Egyptian sheep, found 
that the genetic correlation between the birth weight and weaning weight on the 
one hand, and birth weight and marketing weight on the otlier hand, were all near 
unity. If the case in buffaloes and cattle is proved to be the same, selection based 
on birth weight will not lead to any loss in the luimber of genes controlling mature 
weights. 

Table Vn 


Correlation coefficients for birth weights of Egyptian cattle and bvff aloes for various 
comlmations of calving sequences 


Comparisons mad© 

Cattle 

Buffaloes 

NumluH’ 

r. 

Number 

r. 

I and II 

30 

— 09!) 

24 

•3S4 ■ 

II and in 

38 

•277 

28 

•630 

III and IV 

33 

—029 

39 

•476 

I and III 

50 

•285 

15 

•501 

I and IV 

15 

‘129 

15 

•692 

II and IV 

25 

•071 

22 

•596 

Total and average- 

191 

•04S 

143 

•548 
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Be-peatahility of hirlh weight — 

Tlio rejjciitability of birth "weight for cattle and buffaloes is shown, in. To, hie VII- 
The calciiktio.us have been made for consecutive and non-cojisecii five, cal vings- 
The results obtained for bulfaloes are not in agreement with t.iu)so for entthi. 'ihui 
average correlation coefilcient for buffaloes is -548 "while it is *048 for catthL Difrereu- 
ces between sexes were not taken into consideratio.u whe.u estimates of roj)eatabiliiy 
were worked out. It would be expected to obtain higher values, liad correction 
for sox ]3een applied since there was a significant differ<5nco betwium tlio two s(!Xes 
in birth "weight. 

Effect of month of calving — 

Montli of calving was proved to be of no effect on birth weight i)i. ).iolh bufr;ii(tes 
and cattle ('rabies VIII and IX). Calving occurred during the months ii.'om August 
to March. The numbers of parturitions during the months (.)1‘ Ajnii, Mu.y, duuii 
and July were too few to be of practical value. The average birtli woig!)t for iiidfido 
calves horn during the above mentioned months, ranged from to .‘kv7 l kilos. 
In Egyp'tiau cattle the average birth weight ranged from 23-.18 to 25*71 kilns, 'riie 
difference b(4weeii the mean "weights in the different months was not sigiiilic.aut. 

The main effect of the month of calving would lie in that tlio sea.sons of the 
year differ in the kind of pasture, feeds and temperature. Tlui first two facjtjvs 
are the most important in "this aspect. Bckles [1919] stated tlvat th.c m.tion fed to 
the dam had little effect on the birth weight of the calf. Ho !)olievos, Ijowever, 
that in extreme cases there would be an effect ; while Eitfih et al [1924] rojH!rtful 
that the feed given to the dam has some influence on birth wciglit but loss tluui is 
commonly supposed. They sugge.st that an effect may be obtained on a very 
restricted diet. 

Table VIII 


Analysis of mriance of birth weight for month of calving in Bggptkm Oaltle 


Source of vadatiou 

Sum of 
squares 

1). F. 

iU.ciiti 

sr|ifan{!i 

Between months 

113-43 

7 

!(i-20 

Within ,, 

2,937-68 

244 


Total 

3,051-11 

251 


Table IX 




Analysis of variance of birth iveight for month of calving in Irnffahn 


Som'ce of vaiiation 

Sunr of 

i>. F. 

'Moan' 


squares 


square! 

Bofcwoeu moutlis 

336-20 

7 


Witliin 

1 11,957-67 

;■ . 271 ■ 

4 M2 

Total 

12,293-87 

278 
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y.'Ije lit'rds of the Faculty were under a stable system of ftioding for the whole 
|)erio(I of study. Animals received their rations according to weiglit a.!i.d to produc- 
tion. .During Winter tliey were fed only on clover if it could siiHlco fclieir 
needs, (jtlierwistj they were given a supplementary ration of concentrates. TJiis 
system has been followed all tlnough the long time of investigation without, nine 1 1 . 
cliange. Therefore, one could not expect that month of calving to be a source of 
variation iji birlli weight of calves under such stable system of feeding and manage- 
ment. However, the present results agree with the results obtained by Tyler et al 
[191:7] and Ivnapp [1941]. 


of (/mdiilf / — 

Khoad, Phillips and Dawson [1945] reported that when, crosses are made bet- 
wium breeds, the sire often has a marked effect on the birdi weight of tlio calf. 

In tins <lal.a, it was the aim of the study to ascertain wlieihcr tlie piim fdmrfchorn 
calves differ significantly from the shorthorn grades as fjir as ihe birth weight is 
concerned. '^I'lie average birth, weights of pure-bred, one lialf, three quarters and 
seven eighth (Sliorthorn w'ere 30-82, 30-32, 32-30 and 31-00 kilos ros]iectiveiy. It 
is noti(^ofl tliat. the average birth weight of half bred animals was very close to that 
of pure shorthorn. It was expected that according to the multiple factor theory 
tlic l)irili weight of half bred should lie between that of the jiarimts, i.e., Egyptian 
cail'lo and pruro Shorthorn. The fact that lieterosis is responsible fir such increase 
is quif,e (nmlent here. However, the analysis of variance in table .X showed that 
there were no significant differences between birth weight of pure-bred Sliortliorn 
and difhjrent grades. 

This result denotes that improving birth weight of Egyptian, cattle by changing 
tlie genoiiypo of tlte calf through grading is attained in the first generation. In- 
oreasiiL'f tlie percentage of Shorthorn blood in the successive generations did not 
load to any significant increase in birth weight. Bloreovorj the data showed that 
tlie moan birfh weights of different grades of Shorthorn were lioiivier than that of 
native cattle. Tlu; difference between the two groups in the birth, weight was 6*58 
kilos. 


Table X 

Analysis of variance of birth weight for different grades of shortJwrn 


Source of vai-iafion 

Sum of 
squares 

D. F. 

iMcaii 

Betwcaji 

1 groups 


77-67 

3 

25-89 

Wiliiia 



2,736-97 

130 

21-05 

Tolal 

2,814-64 

133 
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Summary 

A study was carried out on the influence of the sox of tlio calf, tialviiiii soquc.iHjO'’ 
month of calving and sire of the calf on birth weight of Egyptian caiitlo a.nd buflalocs. 
The heritability as well as the repeatability of birth weight in both species were 
estimated. The effect of grading Egyptian cattle with pure-bred 8horthfn?n on 
birth weight of calves was determined. The study covered a period of 1;w(3nty 
years (1930-1950) ami included 286, 270 and 133 calves of both sexes from buffaloes, 
native cattle and pure-bred Shorthorn and grades respectively. 

The average birth weight of male calves was 38*50 kilos in the case of buffaloes, 
while the mean birth weight of females was 36*41 kilos. In the case of Egyptian 
cattle, the mean birth weights were 25*77 and 23*93 kilos for males and females res- 
pectively. The differences between sexes in cattle and buffaloes wore significant. 

Sequence of calving was responsible for bringing about signifleiint differences 
between, birth weights of calves in cattle and buffaloes. Mouth of calving apjsare.d 
to have no efffict on birth weight of calves. 

The horib.J)iIity estimate for birth weight in buffaloes was ()-5()l comp;ir(3d to 
0*417 for cattle. The repeatability of birth weight was *548 and 0*048 fur bu ffaloes 
and cattle respectively. 

Grading Egyptian cattle with purebred Shorthorns caused an increase in the 
birth weight of calves. The difference between grades was not significant, also 
grade Shorthorns wore G*6 kilos heavier in tlieir birth weight than Egyptian calvoB, 
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I>j^STRIBUTION OF TABANUS FLIES IN INDIA 
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Besearcli Institiite, Izatnagar 

(Received for Publica tio 11 on 14 Apiii 1062) 

(With Plates XX-XXI) 

(lieis belonging to the genus Tahanus, commonly known as horse-flii.'s or 
gnats, are widely prevalent in India, having been recorded froin lro])ical, snb® 
tropical, and temperate regions. The adults are strong fliers and occur abuiulaiitlv 
in the neighbourhood of water both on the plains and hills. All the coniinon species 
are olood suckers and attack warm blooded animals including man. Of the diseases 
transmitted by these flies, surra is the most important, affecting horses, mules, camels, 
cattle, etc,_ These flies lay their eggs generally on leaves over-hanging water. After 
hatching the larvae fall into the water and develop. When mature, they crawl to 
dry soil, pupate and after a few days emerge as adult flies. 

riie available meagre, scattiwed data on the distribution of Tahanm in India 
comprise the ca,talogue by Senior- White [1927] and the records based on the speci- 
mens received from field workers for identification at this Institute. In order to 
pi 0 vide an up-to-date ready reference to the distribution of species of Tahanm in 
India, their occurrence, compiled from various sources has been recorded in this 
paper, study on the distribution of these flies has been extended as far as pos- 
silile to Pakistan and other surrounding countries as a knowledge of their occurrence 
m tlie neighbouring countries will be useful in devising control measures, For this 
pimpose the division of the country into five regions on the basis of topography, 
climate, rainfall and vegetation, etc., as recommended by the Indian Council of 
Agricultural Research for the orientation of agricultural research, has been adopted, 
iheir incidence has also been discussed according to four natural physical regions 
ot the country, viz., montane, submontane, pastural, and coastal, 

Region 1— 

lerngmate Ihmalayan Region . — It comprises Kashmir, hilly tracts of Uttar 
I radesh, Punjab, Bengal, and Assam. This region covers the Himahiyan ranges 
in erspersed with extensive ravines clothed wdth dense forests of a tro])ical type at 
ow cIeva,tions and of a temperate type higher up. Certain tracts have a heavy 
rainlail, 120 inches or more, with the humidity varying considerably in the different 
seasons. Though the majority of the hill streams are fast running, there are sevawal 
s iiggish streams, rain pools and innumerable seepage areas and side pcokef s along 
the river banks. . ' ® 
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Tills region contains also the submontane zone, i.c,, tlie foot Iiills, witli a very 
heavy rainfall, up to 220 inches, mostly distributed between tlie mouths of June, and 
September. The land has a slope and the soil is generally porous. It is traversed 
by mimerous rivers, streams and seepages of varying sizes particularly during the 
rains. The local rainfall has very little effect on them for unless the sub-soil water 
on the hills is high the streams do not have water for more than a day even if there 
has been heavy downpour locally. 

The places described above are ideal for the breeding of Tabanus flies as is evident 
from the fact that nineteen species have been recorded from this region. They are. 
as follows : — 


1. T. diver si f tons Ricardo 

2. T, explicatus Walker 

3. T . fulvimeclius Walker 

4. T. fuseomaculaim Ricardo 

5. T. hirtipalpis Ricardo 
G, T. hirtus Walker 

7. T. jucundus Walker 

8. T. lelemii Austen 

9. T. leucocnematm Bigot 

10. T. leuco'pogon Bigot 


11. 1\ wientis Walker 

12. T, exyc€ir(itus Bigot 

13. T. promncmlis Ricardo 

14. T, ruhidus Wiedemann 

15. T, sexcinetus Ricardo 

16. T. striatus Fabriciiis 

17. T. subcallosus Ricardo 

18. T. tropicus Panzer 

19. T. wyvillei Ricardo 


From the range of distribution of the above nineteen species, il, is seen that seven 
species, viz, (1) T. fuhimedius^ (2) T.MrtipalpiSi (3) T. hirtus ^ T. hucapotjoUt 
(5) T. oxyceratus, (G) T. tropicus, and (7) T.wyvillei are exclusive to this region while 
the remaining twelve extend beyond it and have been recorded from one or more 
other regions, vide Table 1. 


Eastern Wet Region. — It comprises the States of Assam, Bengal, Bihar, Orissa, and 
the eastern parts of Uttar Pradesh, Vindhya Pradesh, Madhya Pradesh, and Mardrs. 
It has a rainfall of 60 inches or above and is predominantly rice growing. The area 
mostly falls within the Gangetic basin though certain coastal alluvium are also in» 
eluded. 

Physical features of this region are not entirely uniform. In some areas the land 
is dry with a porous soil consisting largely of a ferruginous laterite gravel, sand and 
clay or composed of an old alluvium, while others are composed entirely of recent 
alluvium, some of lime stone with a superficial layer of alluvium. There are also 
undulating areas consisting of barren rocky country traversed by numerous snial! 
streams. Some areas are devoid of large trees and the vast stretches of land are, 
covered with jungle with dwarf trees and grassy wastes usually above tlu^ llotal 
level. There are some zones within the limit of floods, composed entirely of rctsent 
alluvium traversed by a number of distributaries of the Ganga and other rivers some 
of which are alive while others are in a moribund condition. There is yet another 
zone in this region which may be termed coastal, comprised of very low lying lands 
subject to flooding by tides, This area is clothed with a dense tidal forest mostlv of 
mangrove type, 
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Table I 

tallowing the iiicidonce of different species of Tabanus in various regions of India and 
the surrounding countries 


DiffeJreUt regions of India and surrounding countries 


I ■ 

11 

III 

IV 

V 

Ceylon 

Burma 

Perso- 

BaJuchi 

Afghanistan 

iSTioobar 

Islands 


4 




5 

1 

2 







6 





7 


S 








9 

9 







10 

i 




10 




11 

11 

11 

11 

12 

11 




13 



14 









16 






17 

17 

17 

17 

16 




18 

18 

20 





17 


21 



21 







22 

22 

22 


23 


19 



24 




24 

24 



25 






25 








26 

26 








27 




28 

28 

1 




28 
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^.liowinsthe inciclf^nbe of different 


.species of Tahanm in var 

and tlie .surrounding coimtfies—co/?, A/. 


India and surrounding count ric 
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Table l~~coiild. 

Allowing tlip. Incidence of different species of Tahanus in various regions of India 
and the surrounding countries— con/d. 


Difterent i-egions of India and surrounding countries 


I 

11 

III 

' IV 

V 

Ceylon 

Burma 

Perso- 

B.aluchi 

AfghaoisLan 

Nicobar 

Islands 


59 








60 

m 

80 

60 

60 

60 

59 

57 



61 


01 



60 



62 

02 








04 

02 

04 

03 

63 

63 




6.5 
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The Ibllowing three species have also been recorded from India, but their exact 
localities are not known. 

2 T. (dhocofitaUia Bigot 
5! T. nig ropirt lift Macquart 
7 1 T. frmoniinahis Somov-Wlxite. 


This I'egiosi is finllicr characterised by the presence of borrow pits, brick fields, 
railway side ditches and dead channels, etc., all providing ideal breeding places for 
tabaiiid Hii'S. In this region Tahanus is represented by tliirty-two species, namely 


1. ,T. aihofasv/iatMs Ricardo 

2. T, auriflamma Walker , 

3. T. hinnamcm Bigot 

4. T. hrunnijicmds RiQixiiio 


5, T. coniaus Bigot 

f). T. (litaenialm Macquart 

7. T. diversifrons Ricardo 

8. T. flavicinatus Ricardo 
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T.jlavimnku Bigot 
10. T . fuscomaculatus Kicardo 
IL T, hyhndus Wiedemann 

12. T.joidm Bigot 

13. T. khasiensis Senior- White 

14. T. leuGocnematus Bigot 
16. I’, wttcef Bigot 

16 . T , manipurensis Bicoids 

17. T. melanognathus 'Bigot 

18 . T . monotaenmtus Bigot 

19. T. nemomllosus Eicardo 

20. T. nephodes Bigot 


21. T. ohco7vi(Ms Walker 

22. T, ohtalus ‘W'^alker 

23. T. rubicmidus Mavquart 

24. T. ruhidus Wiedemann 

25. T. ntfimMris Fabriciiis 

26. T. sexchwtus Bicardo 

27. T. speciosus Ricardo 

28. T. striatm Fabricius 

29. T. subhirtus Ricardo 

30. T. tenens Walker 

31. T . tuherculatus Ricardo 


32. T. vii'go Wiedemann 
(4) T {n ^ (2) T . mmjlmnma (3) T. conicus 

Region 3 — 

Ra^putam deaert frith an average Sa]UnmTha., L*'‘- 

Punjab as also the Ganga and L 1 ” “"’'f ' 

region which lies mostly in the Indus vallev and'k“‘“i™" I"'"'*'' ‘'f <l‘is 

Consequent upon the introduction of predominantly wheat growing. 

with concomitant growtrof «7Btem widc_ marshy areas 

sites for Tabmm flies. Tahanmk represented 'irthirrev^”7'''“® ‘'’f ’ 
namely : — ^ legioii by seventeen species, 


1. T, bicinchis Ricardo 

2. T. hmmiipennis Ricardo 

3. T. ditaeniatiis Macqiiart 

4. T. excelsus .Ricardo 

5. T . flavicinctus Ricardo 

6. 1\ jucundus Walker 

7. J. . khasiensis Senior~"White 

8. r. leleani Austin 


9. T. 7nacer Bigot 

10. T. Netnocillosu Ricardo 

11. 5^. onVwfis Walker 

t’tibidus Wiedemann 

13. .2\ slriatus Fabricius 

14. T, subcallosus Ricardo 

15. T. sufis Jaennicke 

16. 1\ tenens Walker 

17. I’. Virgo Wiedemann 


Only two of these, viz. T errplQi/e ana j* 

remainingfifteouspcciesoccurkoneormortonwCrf^o^^^^^ 

Region 4 — 

of Madhya Bharat, parts of M^dhyr^radogV^^^^^^^ f^onsisling 
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area has aiv average rainfall of twenty-five to fifty inches and is largely millet growing. 
It is a roughly triangular undulating land of moderate elevation interespersed with 
tracts of somewhat higher forest-covered hills and plateaus. In parts, the land is 
very fertile and there are many areas of forest specially to the north and the west. 

The central plateau as a whole slopes to the east and almost all the rivers flow 
from west to east. Of these, the m^t important are the Mahandai draining the 
north-west, the Godavari and Krishna draining the central portion of the Deccan 
and the Pennar and Cauvery in the south. In the north, however, the rivers Tapti 
juid Narbadda flow in the opposite direction and, passing on either side of the Satpura 
range, enter the gulf of Cambay. Most of these rivers form deltas at their mouth, 
which provide ideal breeding places for the tabanid flies. From these rivers a few 
irrigation projects have been developed in the south raising the subsoil water level 
which along with numerous ponds, borrow pits, and a moderately heavy rainfall 
provide innumerable breeding places for these flies. 

In this region twenty-one species of Tabanus are found, namely : — 

(1) r. amisfnaiws Eicardo (12) df. o6comcus Walker 

(2) T. bicinctus Ricardo (13) T. rubidus Wiedemann 

(3) T. hrunnipennis Ricardo (14) T. nifwentfis Fabricius 

(4) T. diiaenmte Ricardo (W) T. speciosus Ricardo 

(5) T. expeicatus Walker (16) T. striatus Fabrimm 

(6) T. /awmcto Ricardo (17) T. Ricardo 

(7) T. indiums Ricardo (18) T. imebrosus Walker 

(8) T. jumndus Walker (19) T. tenens Walker 

(9) T. leuGocnematus Bigot (20) T. iuherculatm Ricardo 

(10) T. leucohirtus Ricardo (21) T. viryo Wiedemann 

(11) T. macer Bigot 


There are only three species, namely, (1) T. tenehrosus (2) 1\ leucohirtus and 
(3) T. auristriatus^ which are exclusive to this region whereas the remaining eighteen 
species have been reported from one or more other regions, mde Table I. 


Region 5 — 

South Coastal Wet Region . — This region comprises the eastern coastal region of 
Madras, the western coasts of Madras and Bombay States and the United States of 
Travancore and Cochin. It is a narrow fringe of low lying coastal land surrounding 
the southern plateau of peninsular India forming the eastern and waistern maritime 
plains, the latter in places being a mere fringe of land a few miles wide. In Malabar 
tract on the west coast, there are the high mountain ranges of the western ghats and. 
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9. T. Jlaviventm Bigot 
10. T. fuscomaoulalus Ricardo 
IL T. hyhrklus Wiedcmiann 

12. T. joidus Bigot 

13. T. Jchmiensis Senior- White 
ti- T. leuGOGne?mtus Bigot 

15. T. macer Bigot 

16. T. munipurensis Bicords 

17. T . melanogmthus Bigot 

18. T. monotaeniatus Bigot 

19. P. %mocaZlo.sMs Ricardo 

20. P. nepJiodes Bigot 


21 . T. 

22. T. 

23. T. 

24 . T. 

25. r. 

26. T. 

27 . F. 

28. T. 

29. T, 

30. T. 

31. T. 

32. T. 


obconicus Walker 
obtatm Walker 
ruhicundus Macquart 
rubidus Wiedemann 
rufivmilfis Pabricius 
sexcinctus Ricardo 
speciosus Ricardo 
stnatus Fabricius 
subhirtus Ricardo 
tenem Walker 
tuberculatm Ricardo 
virgo Wiedemann 


7*'? species (1) T. albofmoiatm (2) T. mi-ijlmnma (3) T. omiina 

{i) p hjhpMS (5) 2. joidm {(>) T. manijmremia (7) T. melmimimilhm (8) T. 
nep o( es (a) , specific to this regioiovhile others have crossed tlie regional 

boundary, inde Table I. o 

Region 3 — 

P T-f ^yRegion.-~nis region comprises parts of Jammu and Kashmir, 
Patiala and East Punjab States Union, Greater 

north-west lies the greah 

Rajputana desert with an average rainfall of less than five inches. The rivc^rs of the 
^ and Its northern tributaries rim through parts of this 

^ mostly 111 the Indus valley and is predominantly wlieat growing, 
with of extensive canals system wide marshy artias 

sTt!s fOT f developed providing ideal braiding 

namely • ^ ^ represented m this region by seventeen specie.s; 


1. T. bicinctus Ricardo 

2. T. hmimpennis Bic&ido 

3. T. dita&ibiatus Macquart 

4. 1\ Gxcelms Ricardo 

5. T . Jlavicimtus Biontdo 

6. T. jucimdus Walker 

7. 2\ khasieusis Senior-'White 

8. T. leleani Austin 


9. T, macer Bigot 

10. T. NemoeiUosu Ricardo 

11. T. orientis .Wdliev 

12. T, rubidus W^iedemaiin 

13. T. striatus Fabricius 

14. T. subcallosus Ricardo 

15. T. sufts Jaennicke 

16. T. tenens Walker 

17. T, virgo Wiedemann 




Region 4 — 
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arwi, }i;is n u a rainfall of twenty-live to fifty inches and is largely millet growing, 
li. i,s a roughly triangular undulating land of moderate elevation iiiteresperscd with 
iraots ()f Hoinowlial, liiglKu' forest-covered hills and plateaus. In parts, the land is 
v<n‘y Icrtih^ and there are many areas of forest specially to the north and the west. 

The central plateau as a whole slopes to the east and almost all the rivers flow 
from west to east. Of those, the mofet important are the Mahandai draining the 
north-west, the Godavari and Krishna draining the central portion of the Deccan 
and tlic Pennar and Can very in the south. In the north, however, the rivers Tapti 
and Naj'badda flow in the opposite direction and, passing on either side of the Satpura 
range, enter tlie gulf of Camhay. Most of these rivers form deltas at their mouth, 
which provide idt^al breeding places for the tabanid flies. Prom these rivers a few 
irrigal ion ]n'oje(‘,ts ha.v(b been developed in the south raising the subsoil water level 
wliicJi along with mimerous ponds, borrow pits, and a moderately heavy rainfall 
jnovide inmnm'rable. breeding places for these flies. 


In this K^gion lAvanity-oms species of I'ahmms are found, namely : — 


(1) 

T. llicairdo 

(12) T. obconicus Walker 

(2) 

T. Jiiriiirt'iiK Ricardo 

(13) T. nihidus Wiedemann 

(3) 

T, hruniripenms Kicar<lo 

(14) T, rnfiveniris Fabricius 

(1) 

T, (lifat'in’alun Ricardo 

(15) T. S'j)eciosus Ricardo 

(5) 

T, rxpcirahfs Walker 

(16) T. siriafus 'Fabricius 

{(5) 

T. Jlaminii'm Ricardo 

(17) T. suhhiftus Ricardo 

(7) 

T. indianus Rkjardo 

(18) T, tenehrosus Walker 

(8) 

T. juc'NHil'im Walkin' 

(19) T. tenmis Walker 

(‘•>) 

T. Bigot 

(20) 1\ tuberculakis Ricardo 

(10) 

T. Ic'Urohirf.ns Ri(!ardo 

(21) T. virgo Wiedemann 

(11) 

1\ mimer Bigot 



There are only three species, namely, (1) T. tenehroms (2) T. leucoMrhis and 
(3) T. minstrmius’ wdiicli are exclusive to this region whereas the remaining eighteen 
species have been reported from one or more other regions, mde Table I. 


f) ■ 

i^oulh Coaslal IVcU Jletfmi . — This region comprises the eastern (ioastal n'gioji of 
Maflras, the wosteni coasts of Madras and Bombay States and the United States of 
'rravancon'. and Cochin. It is a narrow fringe of low lying coastal lend surronmling 
tin", southern jdateau of peninsular India forming the eastern and we.stern maritime 
])lains, the latter in. plac(is being a mere fringe of land a few miles wide. In Malabar 
tract on the west coast, there are the high mountain ranges of the western ghats and 
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P™’”'!"’'*- Most of tins part i.s oovanal „ !(,|, t|,i„p ( 

tivitioii 'n * * ***“ ''‘‘''C clcaroil lor Cii'l 

dol? , n,; « i”Portont river,, flow li,,,,, . f , i ' „ 

a h^: ;sr*’ f f-"' s 

Ten species of Taljanm occur in tie region, nanielv :— 

(1) T. brmmijiemk Ricardo (B) 'f. mecr JSii/of 

(-■i) T. cmmngmmm M-Mqnait (7) T. .pro, Rieao 


(ii) T . demellonis Senior- Wiite 
(-1) I , <li taeMaluH Maoejuart 
(5) T, indimiKs Kicardo 


(8) T. rnbldm Wicddmujiu 

(9) T. sjwiasm Ricardo 
(10) T, fr., Kills 


therl!Ldnintd;hL:::;Sfi^^^^ 

Of tile seventv-fi VK. snnnincj xl. i 


aiMonect. - MI cfjiuirry jiH.s,iiot lice 

tlniou tas <ouii,l in t|„, r,„lian 

oountry, Montane, Submontane, T'astunl anl rVn't ""■‘'i"".'* nf flic 

thirty species recorded from the Montane rooio , ! , ^ “''’a H. Of Hie 

twenty extend beyond its borders Tn H eT.’l 

occur, of which three are specific to ’•''f-'i'Mi Hn'rly-two specie.s 

elsowhei. too. In the thr^gimi, 

pic&eiited of wliicli only seven are exclusive^to it are k- 

Coital region though only three are confiitd to ^if o ^ 

a: ,TS:,“r" 

i»<i2' SSJr i“ I, 

surrounding countries is assenti'il inf™ I ? “ ' '’‘■"'"™‘oc of veel„r.s h, il,;, 
been extended to the tabanid fauna of 

tlie maiii area of iioHJ. and tlu, oast iVMoinbl(> 

of no great elevation with an aVerage 

rest of the sontlierii part of Ceyloi/ like Mahdr 

foresis and an average rainfall of over hund^Jd iiiX^s '' 


Z'/. iTAjt '!iO 

fmumn m ?ii 


.T TS 

ws.ialifOistamKjf'i .T 8i' 
iM.ifJv .T ui' 
■-^h! '-lie'll .T OV 
Mi’S'nh.iKhiiil .T ji.; 

Mjjffiil /r 1'/; 
><i.rbi-r«i’/d 

,T 

HjitiuMutmv-'iIsff! Cd.’ 

Hiihiui .T «*o 

.T feK 
.T 

hJ«a'M‘5iiTn.a’i-‘Mjii[Pi .T <*«♦ 
jpjittisidjj!-- .T Vf) 
.'r ;r'v‘ 

n » siifwi **{(•>, 1 .T S?f> 
/r OT 
,T il 
/r U” 
!•)«'{!.! .1' rV> 


«{u.»iti7j!4n.si<ii<y> .T H 
KifloIlflitt&Ji .T {5 ! 
.*r ‘M 

' *“f?.mfnwifnh .T Ti 

,T Hi 
'r <il: 

rffin'diii'y/t .T l?~ 
?n .T 

'.sjun^HivfsIi >■{’ d- 
»'ixju',*-/ivpjj ;i; li: 
juby4u;7{ii‘i dl: 
tilijtHiJW'jMii'l . r '‘'‘i: 

S'Iljtjl4|tt .T 

/r i.r, 

'nMu(‘:>‘)‘vyn ,T tV- 
flflMM.H /0”M| /I’ t«<; 

.’J’ Td 
.''!U;!'h.M| .’I' 

■nfiMiM'tiiitn .1' Hf; 

^ui'idu'f .T Hi? 

Hf'l il('!Tii7‘! .T 

':(! .7' !*d 

.T r.f* 


.T E 

^SKtf;4fcii')<Hill3 .T € 
‘■.i!3»U't}'«|ndi4; ,T i' 
.T O 
/r 0 

laiiundii'Ju-i; .T T 
.T M 

/r »? 

.T 1)1 
.T 11 

A-.rkiiiuh/'K^ .T J-ii 

■'■u'liiau'.) .1’ /'.! 

.T Hi 
.'1' li 

«»«,(! /,r 

i<a’^»,N|0’inff*| /r f;i>. 

.T 

• ,1' Hi 

"afdif.iiq'jH.fsI'j.rn /r HI 

»'!! ,T TI 

h» 4 <h' . 1’ 

^ ■ 'I'lijbvai* f'tii /r 

.T Hff 


1 Tabanus abseoiidouK 

2 T. adjaceuf* 

3 T. albocfatetus 
i T, albofasciatu!! 

5 T. augiistilimbatiw 

6 T. atrohirtuH 

7 T, aiirifiamrm, 

H 1', HUjri.striatu.'^ 

V T. bioiiiotuM 

10 T. birmanicuw 
iJ T. brumiipeuni.-^ 

12 T. ceyloniouB 

13 T. coni{5UK 


, BxPfcAWApOH OF 

. V KEritl, 

14 T, cousangymeiiR 
16 T. demellonw 

16 T. disorepaiis 

17 T. diateniatUB 
Lb T. diversifrouK 
19 T. f'ggei’i 

^0 'r. tixcelyiiH 

-1 T. «‘xpli<;HtiJK 
T. llaviciiicfcuK 
^*3 T. flavisMimuK 
34 T. flaviv^utria 
30 T. fulvimediu 
30 7\ fuscicHudtt. 


40 T. leieani 

41 T. leucotiiieinatTi'i 

43 'C. leucohirfcuM 

43 T. leueopt»geii 
. 44 T. maccr 
46 T, maiiipureijiHiH 

46 T. itaelaiK)goatlm« 

47 T. moTiotaeiiiatiis 
46 T. nenioeallo.suy 
49 T. nephodeM 

60 T. iiicibarea«ikS 

61 T. nigropictuH 
63 T, obcouicas 


53 T. optatuK' 

5‘i T. orieutiB 

56 T. oxyceratuK 
66 T. proviiioialia 

57 T. pulebelluft 
56 T. puteuB 

09 T. rubicuudiiK 

60 T. nibidus 

61 T. rvfivoutriH 
63 T. Bex(5iii(ituN 
63 T. speciustJK 

■ 64 T. striafcus 
65 T. «ubcaiJoMu« 


, , 27 T. fttsciertira 

28 T. fiJscoffiaoiiktms 

29 T. glaber 

30 T. hirJ.ipajri« 

31 T. liinistriatiiM 

32 T. iiirtus 

33 T. hybriduN 

34 T. iadiuuuM 

36 T. iudisorhuOiaf UH 

36 T, joiduB 

37 T. jucimdvs 

38 T. kakliyi^iHinBis 

39 1’. kba.Hieiwia 

^16 r, suU«‘.sii<^rawt5ri;^ 

67 T. BubliirtuM 

68 T. HiiliH 

69 'r. f;(4]c*b3roHu.'« 

70 T. jens'as 

71 T. IrincHmimtiw 
73 T. ri'o}ii(5us 

73 r. luijttraulatii/* 

74 T. virgo 

75 T. wyviiled 
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Table H 

Sliowiiig the tIi.stribiitioii of Tahanus flies in the different jiliysieel di,vision.s of Indio,, 
____ viz. nioiitaiio, sub-montane, pastmal and coastal 


Diiiisi’eni} divisions of India 


Montane 

Sub-montane 

Pastural 

Coastal 
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Table ll—contd. 

Sliowing tlio distribution of Tabunun ilios in tb<» diilbnint physic, jil divisions <>1 
wz. montanej sub-montanc, pasturid and ooasta,! 

Different diviBieiis of Ifidiu, 


Montane 

.Sub-montane 

Pastural 

(joastiil 


42 ■ ■ ■ . 
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So far, fourteen species of Tabanus Irave been, recorded from Ceylon. 

( 1 ) T. (mgusfiliwMtus 

(2) T. atroMrtus ilieardo 

(3) T. ceylonicus Scliiner 

(4) r. discrepans Kicardo 

(5) T. flavismnus Eicardo 

(6) T /jlaviventris Bigot 

(7) T . fuscicauda Bigot 

(S) T . fuse-icrura Bigot 

(9) T. indiscrmiinalus Eicardo 

(10) y. Walker 

(11) jP. futeus Eicardo 

(12) T. Tubid'tis Wiedemami 

(13) r. speemsM-s Ricardo 

(14) T, te7i6m Walker 

Of the above, the following nine species are exclusive to this region *.• — 

(I) T. miyusiiUmbatm (2) T. atrohirtus 

(3) T. ceylonicm (4) T. ddscrepans 

(5) T.jlamsmmts (6) T . fuficicauda 

(7) T.fuscicmra (8) T. indisemmnatus 

(9) T. putms 

Burma . — A long high range of hills divide Burma and India. The rivers Irawahi , 
Salween and Sittang are perennial and flow towards the south and fall into the bay of 
Harttawan. The coastal areas have plenty of rainfall and are predominantly rice 
growing specially in the deltaic areas of the Irawati. Certain tracts are also rich in 
tropical forests of teak wood. 

The gonna Tabanus in this area is represented by nineteen species, namely 

(1) T. abscoiidcm Walker 

(2) T. birmauums Bigot 

(3) T. hrunni pennis Eicardo 

(4) T. flamve.nl. ris Bigot 

(5) T, fuhimedkis 'SValkex 

(6) T. fuscicauda Bigot 

(7) T. fuscomaculahis Eicardo 

(8) T. hi/rtistriatus Bdoaido 

(9) T. hybridus Wiedemann 

(10) T. kaJchyenensis Senior- White 

(II) T . leucocnematus Bigot 

(12) T. monotaeniatus Bigot 

(13) T. ofieniis Walker 

(14) T. oxyceratus Bigot 

(15) T. mbicundus Macquart 

(16) Wiedemann 

(17) T . subcallosus Bicaxdo 

(18) T. suhcincrascens Eicardo ' 

(19) T. tenens Walker ’ 
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Of theso, tlio following foni' KpcoicM aro, t‘\cliiMiv(^ to t iat rogion : 

(].) T. almomhm (‘ 1 ) kakhlim^^^ 

(2) l\hididriatm (4) T . 

IhiTiiodUhlmM-Afghinistan,-- region Is weparuted irom Iraiin hy rorKy 
iTioiimam ranges, certain peaks of wliich are eovi'ved witli snow. M<ist oi tin* niea 
is barren witli sandy desert witli very litlJe vegetation, h’ain'ial! is low nol exeeiaiing 
seven or eight incites. In Afghanistan a fiwv small rivers helji in irrigating tin‘. 
suiTomidiug plains Avhereas in Pcj'sia the ai'eas near the (lanijn-an lake is iertih' and 
cultivated. Ilaluehistan lias extremes of cliinatn and the hind is inhatilc. 

Six species of rms ftmnd ill tins aiva :-■■■• 

(1) T. n^Vwm'; Iticardo (-1 .7’. ///a/icr Higot. 

(2 T. (liUmdaMis (H) T. Iclattii A.u^^lin 

(:i) T. qjfjcn Setiiner (0) T. gnichvfhA Ijoew 

Of these four are spee.il'lc to the region ; — 

(1) T. adjiwem (o) T. (/JidH'r 

(2) 1\ eggeri (4) T, f uMieUm 

The species Tahmvs nieoharcjfs'is ^S(:llinel• has been reeordi'd from llie Nieulair 
Islands only. \ 

It may be remarked that of the sevmitylive speeies of Ttthitinf^ rensrded IVom 
India and the sniToiinding e.onntries only seven have iitHm incriminated in tie trails-' 
mission of surra. They are : — 

(1) 1\ (Utaeni(diu MiiQqmivt (b) T. slnafn 

(2) T. iuaocr Bigot (b) T, troptcus Pa.n/.ttv 

(:I) T. ncmocalltmis Ricardo (7) T. v/ngo Wiedemann 

(4) T. mhidiis Wiedemann 

Of these, Tabamis ndddus Wiodonia.nu has laum iucriminattsl as tie most, 
notorious carrier of surra. 'Flio evidence in ritspect of tlie other sju'cl's ns v(s-.t ors. of 
surra is meagre anclin most cases confirmation is necessary. A thorough study id tie 
bionomics of these species with special reference to their brecidiug and prcferciitiai 
feeding habits and their capacity for transmission of the disease is iv<pdr<‘d. 

The result of work done at the Indian Veterinary Rescmrl institute on tlie 
vectors other than Tahanu.'i involved in, the traaismission of surra, was reported by 
Basil [1947] a,t the Indian Science Oongress. 

The distribution of surra, the tabaiiid borne disease, in India must, imi-.<*ssarilv be 
co-oxtensive with that of its insect vector. ,Basu f 19451 reimrded tim im-idence of 
surra nr the different States of the Indian sub-continent liused on tie riolitical bntin- 
dariea hude Plate XXI and Tallc III). 


InMmi J, Fel. ¥ol. JXIl, PaH /F] 



Map shc/wing aiinaber of eases (aJI species) reported during three years 1940-42. After Baau, B. 0. [194 




December, 1952] s. c. basu, p. balarama menon and c. m. s. ru ) ita 
Table III 

Burra cases (Jauua-ry 1940 to December 1942) 


Province or State 

Bovinos 

Equines 

Camel oi e. 

J’oral 

Assam 

4 

205 

■■'l ' 

210 . 

Bengal 

0 

7 

0 

7 

Bihar 

22 

43 

' ■' .0 

(55 

Orissa 

21 

: 6S 

0 

79 

Madras 

265 

92 

0 

357 

Central Proi'lnces 

55 

74 

3 

132 

Bombay 

60 

371 

0 

421 

Sind 

37 

404 

67 

508 

Punjab 

491 

4, .537 

4,343 

9,371 

United Provinces 

10 

160 

480 

650 

N. W. Frontier Ibovince 

0 

33 

0 

33 

Ajmer 





Hyderabad 

28 

39 

0 

67 

Kashmir 

•? 

? 

? 

67 

Travancore 

0 

0 

.0 

0 

Rampnr 





Patiala 





Jaipur 





Bikaner 





Udaipur 





Jind 





Mysoi’e 

0 

0 

0 

0 

Biiroda 

21 

13 

0 

34 

tUvalior 

0 

26 

19 

45 

Alwar 

0 

7 

0 

7 


1,004 

6,069 

4,913 

12,058 


N.B.-~Roprintcd from Indian J. Vet. Sci., XV, 4, 278 
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ivnoInllminX ’1“™ f’'’™ “'‘f" *” tl‘" in'M'loiio., ..f Knrra 

' I • •'’ of tal>aniil tUm. U is m-n Hi;,t i,i / 

i!i.Iun XrWv "* r Xn Hi.liJuil I■,■,al,..sl, a,„| I, .Jy 

Assam No" r -Pi^adesli aiul low in portions of iJifiiir, .‘uui 

°/ ™wa was arailaMo from JSr,,,,ai, yild:ii,i a,ii,l liim'lsu,. I„ 
iow IVr ’! variation of mcitlonce varios from mo<lora,l(<,iv hvaxy f,,, vory 

low. TNo record was available from Vindliya Pradesh in hWhu] - I ' a ; i 

xC ff Madhya Pradesli are also inohided in tins rouion. 

BaluehN^ ?om Greater Rajasthan, a camo! raisin, aren,,' and 

reported to 'he ^dence of surra in Bombay and feladm.s hss bemi 

N r! li moderately high and Mysore has been reporled to be (><•<> from it 

B nhle cfof 

JiK.icK.iioo ol .siiira in Region S lias Iieon recorded very low. 

tl„. ,illl'"'''“'’ .r’!f* ! ■" clearly fte direel hetiveeii 

M ieehS tr *“ vector, more detailed iiilo,.„M(,i„„ will have lo I,,, 

tollected to rearrange the distribution map of ,,„ regional hiuiia. 

SUMMARA' 

IndJllriitid W ^.’“C «'C distrihiitioi, of r„l.,.„„e nie.i in • 

pntry has been divided into tL“ Mowing 'nve iljons li re’llt'^eh'rh '■’ |i'"' 

tie's S:rwStZ ™ 

nino!r^: jSf tofci::::^-^"''' '■-» ‘i'« of wbic, 

wiiiif:t’!:r;e»i7»^^^^^ ->f 

are •"S-h of ivbieb three 

two *- »l.ceies of which 

natnS;b« arrimge-d to Ito 

Submoiitaiie. l>a,stiiral and Coastal It is mltirfleit’""’""'"''''’ 
recorded from the Montano region of lAicli ton Icl r ’ 'P' 
thirty-two species of which three are swoMc i. ??' 'i' !,a.s 

twenty-three species out of which seven are » '■ '« i e;,fese„l,„l by 

represented by iiftoen species of which +7 * d'Ccific. ^ jjaatfy, the coaetiil reginn is 
mann is found to be cosmopolitan in 
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OuL of th(3 >seventy-fj.vc^ species of Tabanus rcooxded from India aiid tlic yurrouii.(i.“ 
iiijj,' eonntries, tJie followinj^ seven has been reported to |[>e capable of triMisinitting 
surra: Talmim^ diiamiaius Mao., Tabanus macer Bigot, Tabanus nemooallosus Ricard., 
Tabanus ruhidus 'Wied., Tahmms stfiatus ’EahT,, Tabanus trojiicus Panzer and Tabanus 
viryo ’Wded. 

Tile incidoLioe of surra has been recorded to be the heaviest in the Punjab 
followed by Sind and Uttar Pradesh in its intensity. Comparatively lower incidence 
of infection has been observed in Assam, Madhya Pradesh, Bombay and Madras and 
the least, inreidion has Ixjen noticed in Bengal, Bihar, Orissa, Hyderabad, Kaslmiir 
and North "West Frontiiir Province. Mysore has been reported to be free from tlie 
disease. 
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APPENDIX 

%*« recm-dodfmm India ami .sunmmlim, tov/to,-,:,« 

Place fecorded from, 

Burma, N, Cliiu Hills, Dawiiat Raii^e 
(Tenasserim), China 
Perso-Baliichistau Frontier 
India 
Shillong 

Marble Valley (Ceyhin) 

Ceylon, Sumatra. (Mount,) 

Sylhet, Si]>sagar (Assam), Na,ga Hills 
Cachar ' * 

Ceivsoppa (N. Kanara), (IcHinoor 
N Kanara, Moliand (IT. P.), CJoonoor, 

1 olliliett (S. Coorg), Sjiinpa.j{ Chat 
(Coorg), .F.M.S., Formosa 

Nongjioh (Kliasia). 

h.M.fe., Formosa 

Basi (N. Kanara), Ckun,kiipur (0^. P.) 
■Piisa, S. Malabar, iVluhnyin (U. BuiC 
ma), Bistupur (Btuikura Dist.), Puri 
Hmapur (Coorg), Khurda, Santikopvja 
(N. Coorg), Polibotta (S. Coorg), 
Ivanelii Samast-ipur (Bihar), Kasara- 
gode (S. Kanara), Siam 
Ceylon, Trinoomali (Ceylon), Mala,y 
Penin., Java, Sumatra 
India, Calcutta, Java, I’ormosa, F.M.S., 
Malabar Coast 
Oombarjua (Port. India) 

Ceylon 

N. India, Jhelum Dist., I*er.so-ThilueIiis- 
tan Frontier, Pusa, Ihjngal, Madras 
Coast, Anibala, Baliginii (Orissa,), Port 

Mia, MoJiand (U. P. ), T,iti(„n-iii,' 

I athankot (Crosse),!). (:?a55iptir(C:!rosse) 
Dora a,, mail KJau,, Mimwali 
(Punjab), beistan, Tank (N. 

Combatore (S. India), Japan, (Jhina 
Hmgfcong, Africa (tbrougboiit), Man- 
Titim, Kennion 


1. T. abscondens Walker 

2. T. adjacens Ricardo 

3. T. alhocostatus Bigot 

4. T. albofasciafMs Ricardo 

5. T. angustilimhatuH Senior 
n. T. airohirim Riijardo 

7. 1. fiarijlamnut Walker 

8. .r, tturisifiatus ilicardo 

9. T. bicimtus Riiurdo 

10. T. hirmanicua Bigot 

11. T. hrunmj>e.nnis Ricardo ' 


12. T. ceylonims Schiner 

13. T. conicus Bigot 

14. T . Gonsanguineus Macqiiart 

15. T. demellonis Senior- White 

16. T. discrejxms Ricardo 

17. T. ditaeniatus Macquart 
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18. T. diversifrom Kicardo 

19. T. eggeri Schiner 

20. T. excelsus Eicardo 

21. T, explicatm Walker 

22. T. jiavicinctus Eicardo 

23. T. jiavisdmua Eicardo 
24- T. jlavive^fn.H Bigot 

25. T. fidvimedius Walker 

26. T, fuseicauda Bigot 

27. T. fmci'crum Bigot 

28. T. fuscomacidattis Ricardo 

29. T. glahaer Bigot 

30. T, birtipalpis Eicardo 

31. T, Mrtistriatus Ricardo 

32. T. hirpm Walker 

33. T. hyhridus Wiedemann. 

34. T, mdiamis Ricardo 


35. T. inducriminatus Ricardo 

36, T. joidus Bigot 

37, T. jumndus Walker 

38. T. hakkyenensis Senior- White 


Shillong, Khasia Lower Ranges, Bnxar, 
Duars, Sylliet, Darjeeling Diet., Cal- 
cutta 

Pers. Seistan, South .Europe, Asia Minor, 
Egypt, Palestine 

Mashobra, Mohaiid (U. P.), Dehra Dun^ 
Kangra Dist 

Sikkim, Khasia Hills, Coonoor 
Khasia Hills, Nilgiris. N. Kanara, Mohand 
(U.P.) 

Java, Pundaluoya (Oeyion) 

Sibsagar (Assam), Ceylon, Calcutta, Ten- 
asserim, Bihar 

Nepal, N. Chin Hills, India, Formosa 
Ceylon, Pundaluoya (Ceylon), Shewgu 
(Burma), Perademiya (Ceylon), Anda- 
man Islands 
Ceylon 

Myitkina Dist, (U. Burma), Sikkim, 
Masuri, Kumaon, Manipur 
Helmand River (Afghanistan), Kashgar, 
Mesopotamia, Persian Seistan 

Bichiakoh (Nepal) 

Dawnat Range (Tenasaerim), F.M.S, 
India, Phagii (Simla D.), Nainital D,, 
United Provinces, Mukteswar (Ku- 
maon) 

Burma, Sylliet, P.M.S., Borneo, S. China 
Kadi‘.a (N. Kanara), Goa (Port. India), 
Santikoppa (Coorg), Polibetta (Coorg), 
Makut (Coorg,) Mercara (Coorg) Poona, 
Foochow (China), Formosa, Hong- 
kong 
Ceylon 

Sibsagar (Assam) 

Pundaluoya (Ceylon), Kohat, N.W.F. 
Masuri, Igatpuri (W. Ghata), Mohand 
(U. P.), Hongkong 

Mohnyin, N. Toungoo, Phynmana (all 
U. Burma) 
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39.. f . KMsmmu Bicardo 

40. T. Uhani Austia 

41. T. leucocmmatus Bigot 

42. T, leucohirtua Bicardo 

43. T. leucopogon Bigot 

44. T, macer Bigot 


45. T. manipureMsis Bioords 

46. T. melanognaihus Bigot 

47. T. monotaeniatus Bigot 

48. f, nemocallosm Ricardo 

49. T. nephodes Bigot 

60. T. nicobarensis Schiner 

61. T. nigropictus Macquart 


Khasia Hills, Meerut, Biiiabang (Siam), 
Fenang 

Kangra Valley, Seistan, Quetta, Attock> 
Near Srinagar (Kashmir), Algeria to 
Mesopotamia 

India, Lushai Hills, Khasia Hills Ooo- 
noor, Katha (U. Burma), Darjeeling. 
Kanara (Bombay) 

Sikkim 

India, Jhelum Dist., Fusa, Gua (Port 
India), Mohand (U. P.), Tricihinupoly 
Pathaiikot, Murrta^, Kathgodam, 
.Dojaion Rawalpindi, Ohamba State 
(Punjab), Nagpur, Dharwar, Coimba- 
tore Taliparamba (N. Malabar), In 
train between iiameswaram and 
Madras 
Manipur 

Purnoah (N. Bengal), Laos (Siam) 

India, N. Khasia Hille, Nongpoh 
(Khasia), Sibsagar (Assam), Yunnan 
Mohnyin (U. Burma) 

Pusa, Jhelum District 
Naga Hills, Sibsagar (Assam) 

Nicobar Islands 
India 


52. T. obconicus Walker 

63. T. optatus Walker 

64. T. orientis Walker 

66. T. oxyceratus Bigot 

56. T. provincialis Ricardo 

57, T. pulchellus Loew 

68. T, putms Ricardo 


Central India, Bombay, Belgatohia 
(Bengal) 

Belgatohia (Bengal), Bongaon (BhagaP 
pur Dist.), F.M.S., Sumatra, Borneo 
Nepal, United Provinces, Nainital, Than- 
diani (Himalayas), W. Bhutan, 
Masuri, Dongagalli (Murree Ymman), 
Muktesar, Mohand, Sikhim Jlielum 
Dist., Kangra Dist., Dalhousi 
India, Cheena Forest (Himalayas), N. 

Chin Hills, Masuri 
Arian Kava (Travancore), Kursoong 
Seistau, Mesopotamia, Asia Minor, N. 
Africa, Cyprus, Perso-Afghan Ifroii- 
tier 

Trincomali Dist,, Colombo, Habarane, 
N.C.P. (all Ceylon) 
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59. T, rubieimdus Macqtiart 

60. T, mhidus Wiedemann 


6L T. fufiveniris Fabricina 


62. T. sexcinctus Kicardo 

63. T. speciosus Ricardo 


€4. T. striatus FabrioiuB 


66. T. m4bmUo8us Ricardo 


India, Chargola Valley (Sylhet), Sylbet, 
Khasia Hills, Petsnt, Katlia (U. 
Burma), Sibsagar (Assam), Java 
Bengal, Moiilmein, Bombay, Pusa, Sib» 
sagar, Khasia Hills, Partabghar (XJ.P.), 
ISTepal, East India, Trinco, Disi. 
(Ceylon), Ambala, Caloiitta, Mnktesar, 
Matheran (W. Ghatsh Goa (Port 
India), Jhelum Dist., Masuri, Dharam- 
sala (Crosse), Kangra (Crosse), D. 
Ghazipore (Crosse), Hopin (U. Burma), 
Chapra (Bihar), Biixar (Bihar), Co- 
imbatore, Rawalpindi, Tarn near 
Peshwar, Giridhi, Khnmbala, Khurda, 
Khasi Hills, Bareilly, Midnapiir, Kash- 
mir, Nongpoh (Assam,) Manblmm, 
Delhi, Cuttack, Dera Ismuxil Khan, 
Dumraon (Bihar), Kasargode (S. 
Kanjira), Asia, Java, Sumatra, F.M.S. 
Siam, Hongkong, Cochin China, 
Annam 

E. India, Assam, Karwar (N, Kanara) 
Pusa, Lr. Khasia Hill, Lushai 
Hills, Sumatra, F.M.S., Hongkong, 
Formosa 

Lushai Hills, Masuri, Formosa* 
Travancore, Trinco. Dist, (Ceylon) 
Madras, Hazaribagh (Biha,r), An- 
fgul, Bombay, Cuddapah (Madras 
Pres,), Chapra, Khurda, Santikoppa 
(N. Coorg), Coimbatore, Dum-raon, 
Buxar, Bhagalpur 

Kohat, Jhelum D., B. India, Pusa, 
Punjab, Bombay, Hissar (Punjab), 
Belgatchia (Bengal), Midnapur, 
Angul, Monghyr, Rawalpindi, Lahore, 
Bhagalpur, Suri, Cuttack, Dal- 
tonganj (Bihar), Darjeeling, Burd- 
wan, purulia, Ludhiana (Punjab), 
Kathgodam, Coimbatore 

Masuri, Dalhousi, Mnktesar, Dogaou, 
Meerut, Muzaffarnagar, Dera Dun 
(U* P.), Pokokku (Burma), Dunera 
Hills (GurdaspurD)., Kangra (Punjab), 
Amparad (near Mukteswar) 
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66. T. s'ubcmemscenfi Kicardo 

67. T, subMrius Ricardo 

68. T. sufis Jaeimicke 

69. T, ienbroms Walker 

70. 1\ ienens Walker 


71. f. tfinomimtus Senior-White 

72. T, iropicus aucct. 

73. T, iuberculatus Ricardo 
74r, T. virgo Wiedemann 


75. T. wyvUlei Ricardo 


N. Chill Eilla 

Bengal, Bomlaiy, Java 

Pimjal), N. i\frica., E. Afri('a 

Kanara 

E. India, Ceylon-general, BasHcin (Bom- 
bay), Madras, Piisa, Beiigal-general, 
Burniah, Gouda D. (IJ. ?.), E. Coast, 
Syihet, Manipur, Mohniand Pass (N. 
W, F. P.) S. India-general, Goa (Port. 
India), Eehra Dun, Kasargoda (S. 
Kanara), Coimbatore, Berhampur, 
Java, Sumatra, F.M.S., PhillippineH, 
China 

India 

Ind. nec Panzer (179-1) KatligodamjMuk- 
toswar (both Himalaya), Padda Rultan 
(Ilelmaud), Java 

Companiganj (Sylliet), Belgatchia (Ben- 
gal), Pusa, Villupurani (S. Arcot), 
Steliands (Kistna) 

India, Madras, Mysore, Calcutta, Pusa, 
Mohand (IJ. P.), Jheluni Dist., 
Vizianagrani (S. W.), D. Ghazipora 
(Crosse), Kangra (Crosse), Kotla 
(Crosse), Chapra (Bihar), Chicacole 
Road (Madras Pres.), Suri (Bihar), 
Sohawa (Punjab), Hazaribagh, Rawal- 
pindi, Khurda, Cuttack, Bareilly, 
Piirulia (Bihar), Angiil, Bowmh 
(Champaran) 

Narkunda, Kasauli (both W. Himalayas) ■ 


BIKANER WOOL, A LEADING CARPET WOOL, 
AND ITS IMPROVEMENT* 


Gi’nrux Srwffji Mahal, Alexander Johnston ano KonEii'i: I-L Burns, Wool 
Djopaktment, University oe Wyomino, Laramie, Wyohino 

, ( lleceivod Ibr publicafcioa 1 .Febriuiiy, 1S)52) 

A S ji, result of lilie iiicreasiug strain to kco}) up witli tin* world economy 
and to raise the standards of living, serious ei'forts liave been made to utilize 
the internal re.souvee.s inmost Asiatic countri<*s. Tlui ini])rov(‘.inent in agricultural 
economy has thus become of vit;),! iinportnace ; this inc.htdes the, Jiv(‘stock industry, 
which forms the backbone of agricultural coi:n:itri<LS lik-e Inid.i, and ( 'hina. (dosidy 
associated with the larger class of livestock is sh(;e[), the ini])orl,anee of wJiich has 
been recognized since the earliest of times as a soun.’.e of food u,nd (Nothing, 

The need for improving sheep and wool in Indiii has attmcted special attim- 
tion in recent years and every effort is being mji.d(i for the (levtdojunent of the 
industry. The average production of wool ]')er s])ee]> i,s reported as Id) lbs. a year 
[3], which, is probably lower than that for ;i,uy oilier sheep-raising eonntiy ; the 
entire yearly prodiiction of 54-33 million lbs. [5] from a quality siiandpoint is classed 
as a coarse carpet wool, suitable only for the pi-oduction of ca.rpets and i^ough 
blankets. In spite of producing surplus wool, wdth an export figure of about 41-14 
million lbs. [5] every year, the country lias to import 19-24 million lbs. of apparel 
wools in order to meet its needs for the manufacture of clothing. The total export 
goes into the international trade as carjiet wool. Besides the need for increasing 
the quantity of wool per sheep, it seems that improvement of quality, both for 
the production of apparel wool to meet the domestic consumption and for the 
development of ideal carpet wool for eK])oi-t, would be a befitting plan for any pro- 
gressive program, with due regard to environmental and feeding conditions. 

From a ])re]iminai.y survey by the Marketing Department of India [3], it 
appears that although the foundation stock is inferior, potent, ialities for improve- 
ment in certain breeds are not entirely lacking. One of the jiruniising breeds of 
sheep, of country-wide importance, is the Bikaner, native to the northwestern 
parts of India in the Bajasthan Union. It derives its name from its lionudand, 
the Bikaner State. The breed is reported to produce one of the finest (cupet wools 
in the world [16], and the average fleece weight is reported to be as high as 6-5 Ihs. 
[23]. Due to the superior quality of the sheep ami its wool, tlio bt-e.cd has found 
favour in many other states of the country— Madras, Unitt-d lh-ovinc,(',s, Bilnir, 
Orissa, and Assam — to replace the native inferior ty].)es or for crossbreeding, in 

* 'I'liiiS roport is based on G. S. M-ahal’s AI. S, The, sis, University of Wyoming, Any., 194!) 
Reproduced from Textile Research Journal, Vhil. X.X.I, No, 2, holiruiu'v, )bf>l 
Printed in U. S. A. 
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spite oi' varied eliiiiatcSj in iiumy east's a, re- too Jiimiiil, vviti! hipji is-iiii.dih, 

as compared witli its arid JioiiiGHyLfioii, tlm hroed is n'liortt'd [Itturisfiiiif.^ to Ass.pn 
[15], Orissa [ii?], and Madras [RJ. The lu'cod already yields an cnornn>iis mlluene,e. 
in .Rajpntaua, Punjab, and United Provinces, and, with tin; yrowiny interesl- -o 
introduiie the breed in sontlieiti and central India, lUkaiu'r shet'p iind \\<tu ImAt', 
become important hi all regions of India, With a vitnv t.o <'S[)lor(; th<‘. possi itid.'ics 
and the potentialities for inipnjvrsuent t)f this sliee)> ainl wotd, 8 rt'press'nUd'ive. 
commercial samydes wero a-nalyaod in the Wool l)(‘.pa.rtmcnt, t!niv(M.'sity ol Wyo- 
ming, Laramie, Wyoming. 

I’OSrTlOW OF j,>IKANFiK WoO), 

Pdkant'i' wool is unique for i tslengtli, color, quality, juui loltim-ss ii,s a, product 
bt.'st suited for carpets. It a]wH.y,s eonimamls i;he higlu'.st pri(‘es in lilci hical m;irio'i'-s 
as (;ompa,r(‘d witli other wools, whte'-h usually a,r(‘. <b.»ultle in iuiiount by weight |‘i|. 

Pecausc of its superior quality, tlio wotd is mixed by the tnulers with iidorinr wools 
from a-djoiiiing areas and exporied to foroigti cotnitih^s undi-r l-h»' tnuh' niinm <d 
Vicaiicre wool [d]. In rticciil- y<inirM, w'ool from certain h»cn.lil,ics 1ms bc.cn highly 
apyireciated for its fineness and (pisdity that certu-io juithoriidcs Im.vt' Ih'iU) liirlincd 
to believe that the wmol hs muKo wuitabje for clothing piirposi'S (,}m.n lor (;;u‘p«‘.t 
mamihicture. 

A part of the wool yirocUico«(i is utiliml )»y farmers in ha, mi .spinning iuul \vea\- 
iiig for mailing articles of Miitiv^t'- dress and ])]a,nk(its, while a, c-erta,in pc.ir,c.idia,gt! 
goes into the manufacture of ciupcts and rugs. A major portion is <ixpnrtcd IVtJtn 
the homo-region to markets hi oblier parts of India for use in tlu' mills a, ml Ihr {hreign 
trade. The P tyyies of wool — Hagi’ja, (diokla, ami Nali • elassilicd a.c,t*.ordiiig to the. 
area of production, lineiie,s,s, and -cpiality, a, re a.11 mixed, togetlu'r befoi-c, ^export. 

The wool that goes to the iioills i.s iii.ilincMl for making carptds, bhinkcdis, a, ml wcojeii 
materials. The lofty chara-cter of the wmol ina,kes it fairly suituiiile for the. ma-iui - 
facture of hosiery and bkiikds, ISetter .sorts are .sometimes used by the mills for 
tweeds, 

MrrEBiALs an;i.) M.e',i’ho.i>s 4 

Origin of the Wool Swinpks 

The wool samples aiialyjiefl in this study wmre o))ta,in(Ml through tin', c.oiirtesy 
of Mr, B, N, Haiula, Superhitcirdont, Government Livcstoe.k lAirm, llissar, India.. 

Ill order that the samples should, rftqiresent purity of tin*, typi*, thesv*. wci’c s)rigiiia,l!y 
obtained from the Bikaner State from a dea,ler in tin' Hujangliar area win* is weil 
known for handling good qmili'tj of wool, A total of *28 samples w(*re. rectuved. 

Only 8 samydo.s rcpreseiithig extrenne am! average types in finem'.ss a,.iid other 
qualities were picked by visual exmninatiuu for study. 

preparation of Samples 

Each sample wa.s diwidefl into 8 ayiproximately e(iu!!,l subsaanple.s. <5rea,t 
care was taken to prevent l>ieakiii!.g of the libers. By taking sma.U portions from, 
each subsample, several duplicate «ompo.sitc .samiiles coidd hi* used i\>\- ibe si.mlv of 
dmerent characteristics. 
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analysis the represeiitative s<aniples were scouumI in order to retiiovo 
oxi;ran(H)us matter. The mefcliod of scouring suggested by Johnstoji [22] was 
employed. Ihdbrc analysis a llnal rinse in carbon tetrachloride was given. All 
burrs t)r other vegetable matter were carefully picked out from each sample by 
liand ; tlie sample was then blended, by repeated splitting of the staples, for the 
study of different characteristics. 

TeeJmiqiies used for Analysis 

Tljfi various tests ami determinations made in the analysis of the samples 
included : mediillation test ; stretched fiber length ineasiireraeiits : fiber thick- 
ness ; Gontoiii? ratio ; and surface scale striicturo for fiber types. 

Bikaner wool is of mixed typo and contains dilferent types of fibers — namely, 
wool, luitcn'otype, hair, colored libers, and kemp. Except for the coloixxl fibers, 
the distinction })etwecn the fiber types is made according to the degree of medidla- 
tion— no modnllation (wool), ])artial nuHlullation, (heterotype), or complete modiilla- 
tion. (]]air). Tlio komp fiber is a clia7‘a,cteristi(; “ dead ” fiber, a)id is comparatively 
thick, short, sti'aiglit, and in most cases o])aque white like burnt bone. 

Various workm's, siudi as Blyth [9], lloberts [29], Wilson [33], Lochner [24], 
EI])hick [18], Darling [17], Bulgarn [12], Munz [25], and Burns, Johnston, and Clicn 
[14], conducted analyses of mixed wools; their basic procedure was to determine 
the proportion of different tyjx^s of fibcirs, although using slightly dilferent names 
in some instances. This is imports, nt because all the fibers possess variable physical 
properties, and a change in tlieir proportion is likley to alter tlie character and 
nature of a wool. The nu'thod foi‘ tlie analysis of mixed wools has now been adopted 
universally. Althougli the analysis of fiber types is a useful guide in evalimting 
the quality of itiixed wools from a maiuifaeturing viewpoint, it does not give the 
actual amount of meduilation in a sample duo to varying amounts of medullated 
and non-medulinted ])ori,ioiis in tlie lnd;erotypes. This estimation is essenfeial 
for a critical seloction of sluHip in any br^ieding-improvement program. Accord- 
ingly, tlie medulhition te.st was c.arrieij out under two different technicjiies — •fil.ier- 
count analy.sis, n,nd m’o.ss-sectional niedulhi,tion te.st. , 

For a counting analysis, duplicate composite samples were separated into the 
dilferent tyjies of fibers by using Elpbiek’s benzol test. However, it was found 
iieci'ssary for tdficient i-esults tliat benzol, with a refractive index of 1’50, be employ- 
ed. In case of doubt, a mieroseojie was employed for the identification of the fibres. 
A wliite pa])er background was used to identify colored fibers. Fibers in each class 
were counted n,iid their proportions worked out matliematically. 

For the cross-sectional meduilation test, duplicate composite samples were 
used for each type', of wool. Hardy’s technique [19] was used in making cros.s 
sections. Three sections wore made of each sample — namely, one at the ba„se, one 
at the middle, a.nd one; a,t the ti]i. 'These sections were projected, using 590 X 
magnification, on a white, surface of 25 cm. XlO cm. area, and the imm.bor of medul- 
lated and non-medulla, ted fibers were counted and recorded. Tlie total immiier of 
medullated anil non-nuidn Hated fibers in the different samples were determined * 
From thc,t,c, figures the percenta,ges of the two fiber types were calculated^ 
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Strduviied IiIkm- ini^asiw iiiado oT l>lio fih«‘r tv|ics wiild) wtar 

HBpa.iuted, out hi the count fUialysis. F>uni.s’ im|u.'ove(} te(hiiii(|nt> | L‘>j ua.x used 
for the lueasureiueiits. Om'. luiiidreil. fibers of eaeli tv]>e. wen^ uiea-Hiireii, tweept 
when, tireir total }niraher in tiio sample was smaller. 

ThieknesK measurements of each sample a,.s a unit ami of tlu'. liber types ali-e.r 
separation \vei?e made, se'j)arately. Ihiplhiate composite saupdes were used in tlie 
former case, wliile tlie fiber types that auire used for the Kliretehed liber leagtli 
measiiremeuts were utilized in* the latter case, Tim longitudinal short -si'ction 
method was used in the thickness measurements jl]. The minimuni uutnlxu' oi 
readinffs to come, wdthin a, ])rescribed limit of error was lirst worlced out by the 
formula employed by Itoberts [28], and all measuvemeniis were made a<*(-orditU';ly. 
Only 100 readings Avere recorded to measure the fiber types. 

The contour ratio, which expresses tlie ellipticity of the iiber m'oss section, was 
measured in terms of the ratio of the major to the minor a,\is jlllj, Barker 1^] 
has proved that in two wools of the same (Inem'ss, the more circular wonj ;;pins 
better. HariUds ti'ciimhjue jl9] wa,s used in making Mu' cross sccliions. 'I'iic cross- 
siictional fiber images were projected and jihotograplual on scusiluzed bromidt; paper. 

The major and minor axes of (';i,ch iiber cross siudion were measured wit.h the 
hi-fliaincter scale and recorded. The. contour r.atio was worked out from i.hcse 
readingvS. 

The study of scale striuiture wumS ma,de by obtaining suria.ee inip!’e,s.Mi(ms with 
the aid of a thermopla.stic (ilm a<*.cording to the ti'clmiijuc, lievdopcd by }ia,rd,y 
and Plitt [20]. Until rece.nt years. a,n ellic.ient method f<u* the study of licaJe struc- 
ture liad been a dillic.ult iirobh'in, but the above method givi^s satisfac.tory re;udl.s. 
The impressions on the Him Acere mounted on a- glass slide a, ml projiu-.ba! at a, inagni- 
ficatiou of .500 <1iamoters. Plmtograplis of pi'ojec.teil iiimges werii tlu'ii obt:i,iiU‘.d 
on sensitized pajmr, showing rejircsciitative libers for tlie dirierent nu*asur<*mcnl;s. 

The attributes studieil were tlie sc.a.le, outliiu'., the nund)er of sca.lcs p(*r unit 
lengtl], tlie average visible scale luught, the number «0‘ scales along the margin 
])er lOOp length, and the. ndationshiji of sea.le ludglit to HIx'r dianic.b'r. 

RfCSULTS .AND DISCUSSION 

Mednllntion Test, 

The re, suits of modullatiou test botli liy liber tyjie aiia,]_ysis and cross-.scci.ionaJ 
technique are pre.sented in Table I. Tlie'fiber-co’unt a,mi!’ysis ivvisds Mud; tlie 
average fiber typo content in the 8 samples is 58-0 per emit true wool, 29-8 per cent 
hetero'type, 11 -I ])er cent iiair, ami 0-1 ]mr cent kemp. The. ia.rgiwt va.ria.t.iou is 
in the true wool libers- -from Ki-8 per cunt to 90-5 per cent ; va.ria,f;ion in the li(-l.(U‘o- 
typical fibers is from 3*5 per ciiiit to ^9*3 per cent, a, ml in ha,ir fimn Ilv3 per ci'iit 
to 33*() per cent. Four samples show' total freedom from hair a.ud (> sample.s a, re 
free from komp. The average content of kemp liber is only O-l pm- cent,, which 
may bo oonsulered lu'.gligible, No colored fiber, s were found hi a.iiy of the 8 .sa,mples. 

Ry the, cross-sectional image, method, the average ])ercenta,ge, of mtn-mcduihd,- 
ed fibers is 70-7 per cent, and of medullatod fibor-s 29'.3 pe,r m'lit, 'file r;uige of 
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va,ria,tioii is from, 23'8 jrr’ cent to 98*0 per cent in the former ease, and from M per 
Cent to 7(r2 per cent in the latter. 

Table I 


Results of Medullation Test 


number 

Percentage oi fiber types 
by count 

Pereeiilag(? oi‘ totiil fibers 
bj croHs — s('C‘tjon image 

True wool 

Heterotype 

Hair 

Kemp 

Non- 

niednllatod 

Mtcluibied 

1 

07-8 

41-9 

■ „ 

0-3 

91-4 

8-G 

2 ■ 

39*4 

49-3 

11-3 

~ 

54-1 

i J5'9 

ti- ■ 

38-9 

39-9 

21-2 

- 

51-4 

48-G 

4 

9G-0 

3-5 

- 

-- 

9S-9 

l-l 


IG-S 

49- 1 

33G 

0-5 

' 23-8 

7(:r2 . 

G 

94-G 

5-4 



9S-.1 1 

i-9 

7 

SO-7 

19-3 

- 


95-8 

■ 4*2 

8 

44-G 

30-1 

25 3 

' ■ 

52-4 

‘17*0 

.Average 

fiS-G 

1 

29-8 . 1 

i 

11-4 

O-I 

7(>'7 

2!>-3 


From both of the above tests it is evident tliat there is a A\ml(; j-ange of viiria- 
tion in the true avooI fibers of the samples. In samples Nos. 4 Ji,n<i (5 the trin* wool 
content approaches very near to total freedom from medullation. .Aecordiny to 
Ai^arions AiV’orkers, such as Bryant [11], Barker [8], Elphick [18], Waters jlVij, and 
Nanda, Siri'di, and Mogre [26], medullation in wool is probably inlundted. The 
results thus show high potentialities for total elimination of nnabdlation isi tlio 
breed and for the evolution of a true wool type of sheep by seJecti\'e breeding. 
Townend and McMahon [30], by subjecting large quantities of Bomney avooI to 
various stages of manufacture, noticed that hairiness up to the extent of G ]3{;r cent, 
as determined by McMahon’s Medullometer, did not affect the processing proj){U'ties 
of the wool and pi-odu<!ed no marked difference in the appeai'ance and ha,ndle of 
eitlnu- woven or knitted fahrics. Idle hairiness could not be detect(Ml in dyed cdoths. 
An extrenudy low nuidullation content in samples Nos. 4, 6, and 7 shows that suit-- 
abh^ sorts (‘,an be ])ie.ked u]a from the Bikaner wool which are suita.ble, for tlu' maaiu- 
factnre fjf clothing material. 

'Stretched Fiber Length Micasurements , 

Tlie stretched length measurements of the different fiber typos and tlie per- 
ceiita,ge.s of va,riation arc shown in Table II. 

The ra.ngii of aviu-a-gc length in the true wool fibers is from 6-25 cm. to 14*33 cm., 
, with a (*.oe,i]ic.ie,ni. of Amriability range of from 7*8 per cent to 26*2 per cent. The 
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averago longth of 800 fibers in all samples was J.0*H8 leiv,, wil.h a'O.otillir.it'iili ol Aairi ■ 
ahility of 21, *0 -jier cent. 


Table II 

Strefched Fiber Length Measurement a of Fiber Tiipes 


Sain])lo number 

True wool 

liotorotyjid 

Ifair 

j ( iociiuntuil, 
M.nn 1 uf 

(ffii.) j \.niabiiilv 

j r„, ■ 

Meun 

(cm.) 

Oooffieient 

of 

Variubilitv 
(%) ‘ 

Mean 

(cm.) 

(VifliicicnI. 

of 

varlabilitv' 
(%) ' 

1 

lOdl 

12-2 

18-17 

11-7 



.2,. 

‘)'()7 

10-7 

i:$-47 

l;b(i 

In n-< 

.7-,S 


8-5i,S 

W-() 

14-47 

11-2 



4 ■ 

]4.'33 , 

18-0 

i7-r>8 

17-3 

i 

In 

5 

0'2r> 

in-A ■ 

9-81 

1(1-1 

{.‘MM 

' l;MI, 

6. ■ 

13-S7 

2r)-2 

17-OS 

15-!1 



„ .7 

]0-.3i) 

IS-.3 

Itl-fiO 

121 




,S 

10-57 

'7-8 

13-05 i 

1 

]4-:{ 

14.77 

m-j 


Tlic range of average length in the hetorntypieal fiber, s is IVtun em. tn IH- ! 
cm., with a eoeflic,ient of variability range of from 1 !’2 ])(‘r cetd tu hM pt-r cent. 
Tlie average length of 714 fiber.s in all samples was M-fM cm., \vit,h a efH'fheissst of 
variability of 22*1 ])er cent. 

The range of average length in the 4 samples for hair libers is iVom !0-ht nn- 
to 15-21 cm., with a coefficient of varialhlity rn,nge of froiu 7-8 per e4;ii!, !<* 12-9 
])er cent. The average length of 400 fibers in all samph^s as a wiioi.- \\;i,s |:P2i cm., 
with a coeffi(*,ient of variability of 20-7 per cent. 

Although there is good uniformity in tlio fiber types of imiiviilual .sauipb^ n tl-.e 
vai'iahility is larger if the .samples are taken as a whole, 'flie higlu'st v;i.Vi;ibi!itv 
is noticeable in tbe true wool fibers, and the lowest in the Iniir libcr.i. If I;!mi !i;t,ir 
and heterotypical fibers wore eliminated through .selective bns-ding; ti)er<‘ wsmid 
be ample scope to improve the length of the wool. 

Fiber Thkhness Measurements 

The t]vickne,ss measurements of the entire samples and of l.lni fiber l.vpi-.s, wbh 
the. variabilities, are given in Table III, 

The average range in. tbe tbiekiiess measurmnents of 8 samples is from 20-5‘j/j. 
to 47-22[ji, witli a coefficient of variability range of from 22-1 per emit, to .bncl pm- 
cent. The average fiber diameter of 8 samples a.s a whole is The miflimmo 

measurement was 12*5(1 for a true wool fiber, and the maximum was I !7*/m for a 
hair fiber. 
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l-’lii; rung*', of uvorago tliicknesB for the true wool fibers in t}i(3 8 .saiii])Ies is from 
ifi-log tio with a €oe,ffieient of variability range of from 3-S per cent to 

35*9 p(3r etiiit. '’i.'lte average thickness of 800 fibers in all samples was 24*16[x with 
a coeilicitiiit of va,riabi]ity of 29-9 per cent. 


Table III 

Thichufiss Measurements of Entire Samjjles and of the Fiber Types 



hlritin 

1 aamplc 

True wool , 

1 Heterotype 

Hair 

iSainplf! uiuntor 

Meiui 

(p) 

( '(toni('k‘ut 
of 

varialxlii V 
(%) 

Mean 

(P) 

! Coefficient 
of 

variability 

(%) 

■ ■ 

1 Mean 
(P) 

1 CfieHieieiO, 
of 

varialvilitv 

(%) 

Mfain 

(P) 

(.‘oeirieien t. 
of 

va !'i:ii)ili*.v 
(%) 

1. ^ ' 


41) -2 

10-4!) 

18-(i 

33-80 

29-9 

■ „ 

, , 

■ ■ 2 , ’ 

::!4-8t.> 

43-3 

23-83 

16-8 

32-65 

19-9 

55-45 

29-5 

3 ■ 

;!44Ui 

3G-2 

22-G3 

12-9 

31-60 

20-3 



4 

27-5<,i i 

321 

25-52 

30-5 

49-62 

36- S 

45-65 

15-3 

5 

4G457 

,51) -2 

10-85 

3-8 

30-80 

24-S 

71-62 

25-5 ■ 

f> 

2(r5a 

34-2 

25-70 

85-9 

44-80 

18-7 



7 

33-18 

32-2 

28-12 

2.5-6 

49-10 

14-3 


; 

8 

1 

47-23 

■ 1 

... 1 

31-00 

17-8 

i 

40-45 

20-8 

' 17-68 . 

25-2 


Tlic range of average thickness for hcterotypical fibers in all samples is from 
30’80(x to 49-62;ji, with a coefficient of variability range of from 14*3 per cent t(t 
36-8 per cent. The average thickness of 800 fibers in the 8 samples as a whole was 
37‘74[x, with a coefficient of variation of 26*8 per cent. 

The range of average thickness for hair fibers in the 4 samples is from 45-65 p, 
to 71 -620, with a coefficient of variation range of from 16-3 per cent to 29-5 per cent. 
The average tliickness of 400 fibers in the 4 samples was GB-SOp,, with a coefficient 
of vji.riation of 33-4 ])er cent. 

Tiro tliiekmess measurements show a high variation both in the sampitis 

ineasnrrHl individually and in the fiber types. The finest samples, witli thic.koiesscs 
of 26-55tj' aod 2()-77p, show variations of 34-2 per cent and 49-2 ]>er ccMit. Tle^ 
gir^atest unirormity is evident in the true wool fibers, whereas the hidr flht'rs ain- 
the most variiible. Barker [7], in his report on the Shantung and Woo/ae sheep ol* 
Oliina, dues not favor a variation higher than 26 per cent in wools to be nst-.d for 
e.lothing material. In the present study the variation is higher than 25 cent 
botli in the entire samples and in the fiber types. iPor an intended imprornmnmt 
of wool as a whohv it appears that the greatest emphasis should Ire on attaining 
iinifoi'mity td lineness of fibers. The wide ’range of variation in, the trmi wool of 
from 3-8 ])er <-(mt to 35-9 per cent indicates high potentialities to 5u;hi(3vc this 
objective. 
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S'urface Scale St.ruclure on ’Fiber Typen ' " 
The 'various oliaraeteristiirs of fim i 
different samples are shown in Table V 
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. "riifi average inunber of Bc.ales, on true wool fibers per in. lengtli is 1,900, witli a 
rnnge. of froiu 1,700 to 2,300 ; and on lieterotypical and hair fibers is 2,788, with a 
range, of from. I ^800 to 3,400. When calculated on the basis of lOOg, width and the 
•same lengidi, the average number is 10,797,- with a range of from 9,000 to 13,671, 
hi the forra(?r ease ; and 5,332, with a range of from 3,214 to 7,750, in the latter. 
,T}ie. average scale height is 16*7{j. on the true wool fibers and 26-4[z on heterotypioal 
and hair fibers. ■ ■ ^ ■ . 

A.ltliongh the number of scales per unit length on the heterotypioal and hair 
fibers seems larger tlian that on the true ifr'ool fibers, it is half as much when com- 
pared on the equal' basis of the thickness of the. fiber. 

The number of scales along the margin per lOOg lengtli of fiber w'as also worked 
out in the fiber types. Tlie avcragii for the true wool fibers was 0*4, with a range 
of from 5J to 8 ; tbaii for tin* heteroty 7 )e and hair fibers w'as 5, with a. range of from 
4 to 7. 

A relationship of s(.‘.ale height to fiber tliickness, designated as tlie Scale 
Index ” by Hausmari [21], was also calculated for fiber tyjies in individual samples. 


Table V 

Eestiltfi of the sur face scale structure of fiber types 


Sample numbiT 

1 ■ 'No. oi' 

! per in. 

leugtl 

, ■ No. of .scak\s per in. 
length and lOOp. width 

Avorago .^calw 
hei'thi (|i) 

.'.a'' 

True 

wool 

1 

Hair or 
l-eUa-otype 

True' 

wool 

Hair or 
heterotype 

True 

wool 

1 . ■ : 

Hair or 
hotel otypo 

1 

2,.300 

2,400* 

11,250 

6,000* 

17-2 

mi-a* 

a 

2,000 

3,400t 

1 2,5)00 

4,473t 

16-S 

17-Ot 

3 

1,000 

2,200t 

10,611 

6,1 Uf 

16-8 

■ 36-4t' 

4 

1,800 

1,800* 

0,000 

3,214* 

16-0 

'■22-4*; 

■ 5 ■ 

1,800 

4,200t 

10,000 

5,250t 

18-0 

' : 25.6t' 

6 

■ 1,900 ■ 

2,000* 

13,571 

3,000* 

13-2 

: 24-4*^ 

7 

1,800 

3,000* 

10,000 

7,750* 

I.S-0 

29-0* 

S . ■ 

1,700 

3,200t 

0,4'14 

4,84St 

17-0 

20-0t 

Average 

I 1,000 

2.78S 

1 ■ .1 

10,797 

5,332 

16-7 

26-4 


^ Hetoroty})ic.'il liters. 
I Hair fibor.s. 


The average figure for the fiber types was 0*972 for wool, 0*687 foi,- lietero - 
types, and 0*464 for hair fibers. It appears.that as the diameter of the fiber increaHo-h 
there is a decrease in the ‘‘Scale Index”. 
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Tli0 shape of the scales on tho true wool libers was ot aiiiuilar or <’,orf,>iial form 
(single scale along the width of the fiber), as described by Blytii [10], and reseniblod 
the segments of a young bamboo cane. In the ca.se of lieterotypical ami hair fibers, 
the shape of the scales was polygonal or flattened. Various forms of }){iiitagc>nai 
and hexagonal shapes were seen. It was apparent that with a stmaUer thickness 
the shape of the scales was more or le.ss of a columnar type, but it inclined to Ix^iconie 
rectangular and flattened with increase in the thickneas of the filu^r, 

SxJMMARY 

Eight samples illustrating average and extreme types of Bikaner wool were 
selected from 28 samples received from the Glovernment Livestock Farm at HiH.sar, 
India, These 8 samples were analyzed for fiber types, dividing the.m into true wool, 
hair, heterotype, and kemp fibers. Both the benzol test and mi<u‘().s{!;o|)i{’; crosH- 
sectional images were used in the classification. Fiber thickness, ,Htr<\t<‘.!ie.d liber 
length, and contour ratio were determined for the 8 samp]<^H along witli tlu^ surf.aen 
scale measurements for the different fiber types. 

Conclusion. s 

The following conclusions are evident from the results obtained from t.his 
study: 

1. The results of the count analy.si.s of fiber types anil their dimensional 
eharacteristic.s in the 8 .samples as a whole show that the, wool is very near to tlui 
carpet wool standard.s as worked out by Burns, .folinston, juid Ohen j M ] and the 
Southwestern Sheep Breeding Laboratory at Fort Wiiigati^, iNfow Mexico, from their 
work on Navajo Sheep [2]. However, it appoar.s that the variation in the length 
and fineness of fiber types is slightly largen—by 4 per i-.eut to b per c.e.nt. The 
average thickness of the heterotypical fiber is 7|x greater than desiralfie. d'ho 
Bikaner wool as a commercial type can, therefore be. con.sidere.d as very good for 
carpet and rug manufacture, although some improvement in attaining tiniforrnitv 
of fiber thickness is necessary in order to fix it as an ideal carpet typ <5 of wool. 
Individual samples Nos. 4 and 6, with high true wool eonlioiits of Otbo per eorit 
and 94-6 per cent, respectively, seem too good tor ideal car])et wool ; Nbs. 5 and H 
with true wool contents of 16-8 per cent and 44*0 p(.^r c.ent, respectively, afjptjar 
rather poor in this respect. Samples Nos. 1 and 7 are vmy close to thii rc.qnirc.il 
standard, and Nos. 2 and 3 are slightly poorer for thi.s purpose. 

2. If the average proportion of fiber type.s is con-sidered to be vm-y nisir to ideal 
carpet wool by count analysis, the cross-section modullatimi ti^st of tin* same sanpjles 
reveals that by this method an ideal carpet wool should show 75 ptw (;ent non- 
medullated fibers and should not exceed a limit of 80 per cent. 

3. Although the average quality of the .siimples reviiiais that. (;hi‘ wool in a 

mixed form is best suited for carpets, the extremely low amounts of mcduilathm 
m certain individual samples show that selected sorts can be utiliziid for ilio manu- 
facture of clothing material The wide range of modiillatcd fibers in tim different 
samples indicate further that there are high potontialitio.s for evolving an appare.L 
wool type of sheep by selective breeding. It is highly desirable to idiminato Icmnp 
entirely from the fleece. ^ 
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4. Tlie aiiaiytiis of medullation in the individual samples indicates that there 
are great possibilities for improving the wool for apparel fabrics, the variation 
in the fiber thickness being rather large to require particular attention. Even 
the finest samples, with average thicknesses of 2fi*55(jL and 26*77 g, show variations 
of 34*2 per cent and 49*2 per cent. For any program of improvement, therefore, 
the greatest emphasis should be to attain the uniformity of fibers. ''.Ihe uniformity 
in the case of true wool fibers is fairly satisfactory. 

5. The stretched fiber length of different types of fibers in the individual samples 
•do not show any marked elongation of the outer coat compared to the inner coat 
.a.vS seen in most of the poor carpet woolsT This characteristic is highly desirable for 
the spinning value of carpet wools. 

6. There appears to be a relationship between the amount of medullation and 
the thickness of the entire sample, the diameter increasing with increased medulla* 
tion in the sample. However, hair fibers with a diameter of 30p, and wool fibers 
with a diameter of SOp show that the diameter alone does not control medullation 
in wool, and some other factor, probably genetic, is partly, if not entirely, responsible. 

7. The average contour ratio of the 8 samples is 1*284, designating a fair spinn- 
ability according to the trade opinion. Qne of the samples showed a very good 
'spinnability, with a contour of 1*179, and one showed a medium spimiability. This 
again reflects possibilities for improvement. Higher contour ratio seems to be 
related to higher amount of medullation in the individual samples. 

8. The average number of scales on true wool fibers wdth an average thickness 
rof 17*2p is 1,900 along one surface, which is very close to that for the fine wool 
Merino. When compared on the equal basis of unit length and lOOp width, the 
■immbei:’ of scales on the true wool fibers was double that found on the heterotypical 
or hair fibers, fhe outline of the scales is uniform, regular, and annular on the true 
wool fiber, but is irregular, with pentagonal, hexagonal and rectangular forms, on 
the hair and lieterotypical fibers. 

9. For a mass improvement of Bikaner sheep 'it seems necessary that only 
tested rams be used for breeding which show a desirable amount of mediillation in 
the fleece and possess maximum uniformity in fiber thickness, 
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types and dimensions of fiber scales from the 

WOOL TYPES OF DOMESTIC SHEEP AND WILD 111 E* 

Fy Guebax Singh Mahal, Alexander Johnston, and Eobert TI. Burns 
Wool Department, University of Wyoming, Laramie, W>"oming 

{Eooeived for publication on 1 February, 1952) 

T M.L study of the. surface structure of wool and hair llber.s is an important 
aid ill the identification of fiber types. Besides affording a knowledge of fiber 
types, such a study would help determine tlie “ healthy ” state of filier.s with I'cspect 
to t]i.e number of scales per unit length and their shape and dimensions. The 
visilile scale height seems to be an important characteristic for diffiu’entiation 
between -wool and related hair fibers such as mohair and earners In.dr. A si[3ecial 
study of the epidermal strucivure is sometimes necessary in blends of wool and 
related fibers which can only be distinguished by the difference in iOie scjilo formation. 

Apart from ascertaining the niimbhr of scales per unit length of the fiber and 
their shape in relation to the felting properties of wool, some woihors have tried 
to relate these characteristics to the different species or breeds of slieop. A study 
of the surface scales— the form and surfirce dimensions of the scales — was made 
on fibers from, a number of different -wool samples representing different breeds and 
countries, including some wild sheep. The study included determii-iations of the 
number of scales per unit length of the fiber, the scale formation or ontline, a,nd 
the scale height, with some dimensional measurements ; the object was to ascertain 
whether these characteristics were ; (a) related to different species or lu\>eds of 
sheep'; (b) specific for difeent wool types; (c) specific enough to enable identifica- 
tion of fiber types in mixed wools. 

All classes of wools, such as fine, medium, long, crossbred, and oai’pet types 
were represented in the study; in the case of mixed wools, the different t_y|)es of 
fibers, sxich as true wool, hair, and hemp, were examined separately. 

Classification OF Scale STRUCTimB 

Various workers have tried to classify scale structure by a desciipliion ifi' their 
genera] ontline. Blyth [1] described two types of scale structure on tlie wool ii bin's — 
tlie wool type and the reticulate t 3 rpc. The former in its simplest form is of ooroiial 
pattern, each, scale encircling the shaft of fiber and resting in the cup fiu'ineil by ihe 
scale beneath it. In very fine fibers, the ectal edge of the scales is cojivcxly e-urved, 
is faintly and irregularly serrate, and points distally. In thicker fibers, more, tlian 
one scale to the circumference can be seen; these tend to be broad mid shallow, 

''Tv(iprod'uc(;<l from Tcxtilo Research. Journal, Vol. XXI, No. 2, February, 1951 
Printed in U. S. A. 
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and arc either coiivexly curved or tlieir ire<*, edgcH (*iit a wave [dia.iit'ii line 
arroiind the fiber shaft. 

The reticulate or hair type of scale structure has tlie appts-u’fDie.e. of a, ratlx'r 
taunt net sbretclicd across the surface of the fiber. Tluf .s<^;i,!e.s, Nliuhl.ly 

curved, appear rather straight and smootli-sided in com[j)arisun with thn.st^ of the 
wool type. More than two scales meet at a point, and tlu^y a, re often iiTtejijj.-j j- in 
size and shape. 

Hausman [8], from his study of mammalian hair filuws, Ibnunhitisi liis well- 
known classification dividing the scale structure, into corona,! and iinln'kaite. fornis. 
The coronal scales completely encircle the cortich^ eydinde)- of tlm Iiair shiift, their 
free ectal edges sculptured in various forms. The inibri<-ate. seah's do ii,tt indi\-|- 
dually encircle the corticlo cylinder, but are arranged likt; tli(>. sea.les of a, (ish, wii.li 
their free distal (idges etched into dilfonuit shapes. Tln^ two gi-oups nf .s(M,Ies are 
flirt, her classified according to their ap]iarcnt strnctiuv., Tli(> eoroiad :;ea.le.'i nia.y be 
simple, serrate, and dentate; imbricate, se-ah^s may be, ovate, a,<Muniua,|.e, ehuend.e 
crenattj, and flattened. Altliough the author did ’ not iiadtide \v..oi in hir. ,-.f,udie:/ 
the crenate and flattened types are often one.ounbeDul on wool (iber.s. 


KEVIEW 01«’ IjITERA'rUKE 
Although scale structure has not been studi*^ exliensively in the 


. , X .v, iiuv uurn Mi.mueii extiensiveiy in l-fie tleld of 

technology, various workers have been interested in the exa,inma.t.lon of aoalo .•true- 
ture. I heir methods may be classifiod umler tlirct', main hcadimi.a diiv.-t t-.x.-uniiei ^ 

toon of ae fiber under the mioroKcopc; I,ulf-mo„ut,iuK ia .,f 

umilar to tiiat of the fibers ; and impression or cast mitliods in .piiek drying^ niettia,. 

The direct examination of the fibers under the micro, soope wa,s iinnuoura,ble 
because of the non-availability of suitable mounting media., and the. optica! 
difficulty in focussing wool due to its tridimensional idiaraidier. 

Half-mounting in media of refractive index similar to that of Mie ii},f>rs u -c’ 
used to overcome some of the above-meutiomd <liflicidti<xs. Py imm * 4 e- he 
^ers halhmy m a mounting liquid, the lower part of the fiber.s i I 

because of the liqmd : only the fiber surface facing thc' olKserver is vi.sible -uid ea,n 
be studied. Different media and techniques have bi'cn emidoyed bv d tubv 1 1 j i 
.Reumuth and Schwerdmer [18], and Herzog [l()J, with, satLa,m,ury ■re;!'^; * 

Stalest LSqS 

the ^coacope « by Aieot j ""v: •^3:::; , " 1 ™ 

cellulose, gelatin, and thermoplastic film, have bee , a -Id I ’ r ' i 
famger [19], IW [9], Vo'u Borge.i ' ' f,; f,',' ."'.'f "';' 

[4] Hardy and Phtt [5], Koona and Strandine fHl and With , b ' 
different techniques to get cast impressions. iJdrn.m employed 

Earlier workers, such as Brevoort r21 lVlelvrin«ti>L» nei ir 

[14], used special staining techniques for thf stmd v'of si ) e * '"‘I ^ 

have lost popularity due to improvement of •^<'‘ia /’t)ue.l,iire ; the,^<‘ rjse.Miod.s 

reference are available regarding the specific 
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HauHinan [6], wliile classifying tbe scale forms [8] from Ms drawings of tlie. 
bail's of IGG fur-bearing animals [7], was able to find an interesting and surprising 
rolationsliip in tlie scales of infrahominid mammals--namely, that the siae of the 
scales (i.e., their anteroposterior width) and, their forms varied together in a constant 
way. Moreover, the size (and hence also the forms) of the scales bore a relation- 
ship not to the species of mammals bearing the hair but to the diameter of the hair 
shaft bearing the scales. In the finest and the softest hairs, only the coronal type 
of scales is found. In fibers less than S'SOjx in diameter the scales are coronal, while 
in fibers coarser than this they are imbricate. Hausman found that there was a 


decrease in the “ scale index 



in the fibers as the diameter increased. 


^i^his indicated that there was a pulling-out of the scales with increase in diameter.^ 
lie also found that cuticle scales may vary according to the cross section of the 
fiber. In circular and eliptieal cross sections, the form, is different from that in a 
flattened cross section, which is like a duck bill where the tip has a flattened portion 
and is different from the middle and base. The differences in form, according to 
Hausman, are the results of the differences in the gradual drying-out of the hair 
shaft plus the effects of wear on the free ectal edges of the scales, particularly at 
the tips of the shaft. 


Littersclieid and Abeler [12] modified the method of accentuating the scales 
by preliminary treatment of the fibers : by bleaching pigmented hairs, if necessary, 
with 10 per cent hydrogen peroxide for from 3 to 7 days ; or by soaking the fibers 
in 60 per cent to 63 per cent nitric acid for 6 hrs. and drying. They stained the 
fibers with carbol fuchsin so that a deposit of dye was left along the edges of the 
scales on drying. From drawings of this material they delineated and described in 
detail parts of the hairs of fur-bearing animals. 


Butarin [3] made a study of cuticular scales of the fleeces of wild sheep (Argali 
Arhar) and local fat-rumped sheep in Russia (Kirghiz sheep), and noticed that the 
cuticular scales of kemp fibers afe polyhedral, mostly hexagonal, and form a regular 
symmetrical pattern. The transitional and downy fibers were found to have 
annular scales. He stated further that the scales of wild sheep resemble one another 
but differ from those of domestic sheep. 


Skinlde [26], from the measurement of visible scale height and the quantity 
where B represents the scale height and D the diameter of the fiber, was able 
to differentiate between wool and mohair fibers as follows : 


1. The value of S is below 17*0p in the case of wool fibers. 

2. The value of 8 is above 18*5(ji, in tlie mohair fibers. 

3. If the value of S is between 17‘0(x and 18*0(ji, the hair is probably wool. 

This could be verified by determining the value of S^/D, which is 
below 140 for wool fibers. 


4. If the value of S is between 18-Op, and 18-5 jz, the hair is probably mohair. 
This could be verified by calculating the value of B^jl), whioli is above 
160 for mohair fibers. 
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iPREPARA'l’TON OR THE SAMPLES AND MeTHOD OE StUDY 

Samples from which representative fibers were taken for the study of surface 
s(^ai(i structure were first scoured by the emulsion method, using soap and soda, 
and tlum rins(id in water. After drying at room temperature, they were given a 
batli in carbon tetrachloride. 

Hardy and Plitt’s [5] thermoplastic film technique was followed for determin- 
ing the surface scale structure on the different types of wool. Impressions were 
obtained of representative fibers, and photomicrographs were prepared with the 
help of a projector with a magnification of 500 X. The following ineasurahle 
characters were studied : . 

1. Form and outline of the scales. 

2. Number of scales per l-in. length of the fiber along one surface. 

3. Numher of scales per l-in. length and lOOp width of the fiber, calculated 

to facilitate a better comparison of different wools on a standard 
basis. 

4. Average scale height in. different t}q)es of wool. 

6. Number of scales per lOOp length along the margin of the fiber. 

6. Diameter of the fiber (on the photomicrograph). 

S 

7. Relation of scale height to fiber diameter, jj whicli Hansman [8] desig- 

nated as the scale index in his study of fur fibers. The types of scale 
outline were classified according to that doserihed l>y Blytli [1] and 
Hausman [8]. 

The number of scales per unit length of the fiber were counted (from the photo- 
micrograph) along one surface of the fiber. The number of scales represented the 
number of complete scales plus half the numher of fractional scales. 

The measurements of scale height and diameter were made with a millimeiier 
scale on the magnified image. The average scale height was calcidated from 10 
scales taken at random. 

The number of scales per lOOp length along the margin of the fiber, measured 
with the help of a millimeter scale, represented the number of scale heights in 
60 mm. length along the margin. 

The observations are recorded in Appendix Tables I — ^III. 

Summary or Results 

The results for the different types of wools are summarized on pages 310 and 311. 

The scale outline of the wool fibers varied from coronal to imbricate forms 
(Figure 1), depending upon the thickness of the fibers. On hair fibers the ix'iticulate 
form of scales was encountered in all cases, with polygonal and flattened types 
occurring (Figure 2). In the case of kemp fibers the scale outline was mostly of tlie 
flattened type, except for those for the wool types of European origin, whi(ih were 
of polygonal form, resembling a honeycomb structure. (See Figures 3-6.) 
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liesulls for llie. Wool Type of Sheep, inclwilmg the undercoat of Wild Life and (he Wool 
Fibers of mixed Wools 


SlRMjp or ^vilil lifo typo 

No. of s 

I’er l-iu. 
Icmgth 

e-alea 

Per 1-in. 
length and 
lOOji width 

Aver.age 

fiPlllo 

height 

(jJt) 

Wo. of 
senles 
along 
margin 
per lOOy, 
length^ 

Diauu'ler 
of tim 
lllior 
(ji) 

Hcale index 
|waleliei:dli.\ 

\ diameter / 

Piae wools— 







Average 

2,283 

15,037 

13-2 

8-3 

M-6 

()-0O(i 

Maximum 

2,400 

20,000 

1.5-3 

10 

ICcO 

1-017 

Miiiinmm 

2,200 

13,750 

12-0 

- C 

12’0 

0-750 

Ori.iHfiljred— r 







Average 

2,. '>50 

11,107 

12-3 

8-7 

24-0 

0-518 

Miiximum 

3,400 

17,000 

13-8 

11 

■2S-(I 

o-oort 

Minimum 

2,200 

7,8.57 

0-7 

6 

20-0 

0-1811 

Medium wools— 







Average , ' ' ' 

■' 2.283 

9,502 

13-8 

8 

■ 25-8 

0-572 

Mftxlimim 

3,200 

13,000 

22-0 

10 ' 

34-0 

0-840 

Miiniinum 

1,000 

5,555 . 

10-1 

' 4 , 

' 18-0 

0-!J0! 

Long wools— 







Average 

1,650 

4,406 

24-1 

4-5 

36-5 

i>-086 

M'aximiira 

2,700 

6,750 

30-0 

f. 

42'0 

1-000 

Mijiimum 

1,100 

3,333 

20-5 

4 

30-0 

U-5'12 

Mixed wools— ■ 







Average' ' ■ - 

1,060 

11,833 

14-9 

6-8 

17-3 

O-.S03 

Maximum 

2,700 

18,333 

21-4 

0-0 

24-0 

J-143 

Minimum 

1,200 

6,000 

11-2 

4 

12-0 

0-550 

Wild life (undercoat) 







'Big Horn 

, 2,400 

20,000 

12-8 

9 

12-0 

1-066 

Deer 

2,S00 . 

; 28,000 

lO-l 

10 

10-0 

1-010 

Elk 

2,700 

20,709 

11^0 

10 

13-0 

0-016 

Antelope 

2,400 

18,461 

14-2 

8 

13-0 

1-002 

All wooIr— 







Average 

2,108 

1 

11,696 j 

14-85 

, 7-2 

20-0 

0-8 1 4 
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Ftg. 4 . Scale hitpe and surface druOmre of kmtp fibres from 3 Asiatic {T.xtrhey) wooh. All of flattened 
Ujpe . Th? fiber on the left mis cracked in preparaiicur . 
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I 





Fig, a. Swla type. Und aarjace ntniciui'e of kemp jUirun from, liitmpaan nunilff. 
Herchnch. Righli : Swalcdalc. Typical po\yyo,ial type rmnnhl iuij a konr.ycimh in nlioini,. 



SrnU hm md sarface ntractnrc of hemp fibres from Karopma 
!. Right ; R efA'/i Momitain. Typical pohppmal type re.<;(i 
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RfiS'uMs for Ti/pes of Fibers^ including the Outer Coat of Mixed-W ool Sheep ami WM 
Life, such ufi Kronp Fibers {Hair and Kemp are from Mixed Wools) 


o Sheep typo 

No. of scales j 

Average 

scale 

heiglit 

(,a) 

No. of 
scales 
along 
margin 
per lOOu, 
length ‘ 

niameter 
of tiio 
fiber 

(a) 

Scaleimlcx 
rscale hightv 

\ diameter / 

Per 1-in. 
length 

Berl-it). 
length and 
lOOjjt. width 

Wool— 







Average 

■ • 2,108.; 

11,000 

; 14-9 A 

7-2 

20-9 

0-814 

Maximum i 

3,100 

1 20,000 

, 30-0 

11 . 

■i3-n 

1-143 

Miiiiimim . , i 

1,000 

3.333 

9-7 

, . 4. 

12-0 

0-517 

Hair — 







Average 

8,C35 . 

6,001 

22-8 

5-3" , 

02-0,' 

f , , 0-30'0 

Maximum 

fi,400 

10,285 

39-5 

;9 

- . 128'0 

o-r)3s 

Miiiinmm 

1,800 

3,214 

11-5 

•3 

'.34'0. , 

0-170 

K-omp — 







Average 

5,383 

3,004 

18*9 

0-8 

162-5 

0-110 

Maximum 

7,200 

6,500 

33*9 

10 

201-0 

0-207 

AlLnlraum 

3,500 

2,500 

10-7 

4 

74-0 

0-064 

Outer coat of wild lilc— 







Big Horn 

0,000 

2,143 

24*2 

6 

2S0 

0-087 

Deer 

11,600 

3,086 

25-7 

4 

370 

O-OfiS 

Elk 

7,000 

1,909 

24-7 

.5 

380 

■ 0-004 

Antelope 

11,000 

2,001 

21-2 

6-5 

526 

0-040 


Conclusions and Discussion 

The following conclusions are evident from the study of siirlacu scale structure 
in diherenfc types of wools : ' 

1. The scale outline in wool fibers of all types can be classified according to 
the forms of scale structure described by Blytli [L] and Hausman [IS]. SwTatc and 
dentate tvpes of scales among the {*,oronal foi'inj and ovate, acuminate, and elongate 
types of scales among the imbricate forni, as described by Jlausman [8] on the fur 
fibers, were jiot oiuiountered on wool fibers of any ty])e. It was r{‘v«^aled tliiit the 
scale outline Ls more closely related to the diameter of the li)}cr than to tlui breuid 
or fiber type. lrr<iS})eotive of the breed or fiber type, the scale tyjX', tends to be 
anmihn- or coj'onal (single scale across the width of the fiber) up to a dianu'ter of 
20(x. As the diameter increases, the form becomes imbricate (more than one scale 
across the width) (Figure 1). In fibers of greater diameter, such, as hair and kemp, 
the scales show various forms of reticulate and polyhedral structure (Figures 2-6). 
The scales are fairly regular in the individual fibers but are not specific for breed 
or fiber type. As the diameter of the fiber increases, the scale height decreases and 
the form appears to be more flattened than j)olygonal forms. 
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2. Tliem is a wide range in tlio number of scales per 1-in. lotigt.1i of hho liix'i- - 
tlio number may vaiy from 1,000 to 7,000. Irrespective of fiber <liamot(u.*, tho 
mimbor is smaller in wool fibers (average 2,108) than in hair (average. 3, (vL'i) iuu! 
kemp (average 5,383). However, the number of scales per 1-iu. Itingth ami. 100[;. 
width of the fibers is larger in the wool fibers (average 11,696) than in hair (avonlgo 
6,001) and kemp (average 3,664), Thus, strictly speaking, the number of setdes 
in vrool fibers is larger tlian in hair and kemp. No relationship seems to exist 
between tlu^ number of scales per unit hmgth and the wool type. 

3. Tlie average scfile height in all type.s of Wools ranged betwetm 0*7(i and 
39*r)|jL (average for wool, 14-85p ; hair, 22-8p ; and kemp, IH-Op), Fontrii.ry to 
the olisorvatioiis of Bkiuklo, j20j that the average scale ludght of wool <!.oe.s not 
exceed 18’0[x, .some woo! types showed maximum sca.le lielghts higlun* tlnin this 
limit. Although, on the average, the limit was never excoi^ded in tfu' fine, cross- 
bred, or meflium-wool types, when taken (iolle.otively, the average senle lungiit was 
higher than the limit in. the ease of long wools (average 21 dp). Fn i.lu! ciM.se of hair 
fibers and keiuji, the scale lufight excee,d<‘,d I8‘0p in many c;ise,s. it is tln'O'fore, 
douhtfu! tiiat ihic. criterion for <listiuguishiug ()etw< 5 en wool and molnur <‘iUi l>e. 
relied upon. 

4. Th('. miinber of scales along the margin of tluj fib(5r p(ir lOdp length varied 
from 3 to 11 for all wool and fiber types. The average*, mnnher of scales on tlie Wi>ol 
fibers was 7*2 ; on. the hair fibers, 5*3 ; ami on the kcnip fibe.r.s, G-H. 

6, The scale index [8] was calculated for all wools iind fihe.r types. The range, 
was from 1-143 (ma.xiinum for mixed wools) to ()*()()4 (minimum for ke.iti})). T!m 
average scale index for all wool fibons was G-8L4 ; for hidr, 0‘39() ; and for k<uup, 
OdiO. There is a di.stinct difference in scale iudt^x lastwetm the diflhre.nt kinds of 
fibers ; tlu*. scale index for the wool fibers ranged from 0-517 to 1-143 ; for the hair 
fibers, from 0-170 to 0-538; and for the kemp fibtu-s, from 0-61 to 0-207. The 
ranges, as well as the averages, sliow that the sca.l(i index iu(•.rea^?cs p^•ogre,ssivciy in 
kem]g hair, and wool fibers. Thus, the scale indices (UfTe.r<''.ntia.te. betwe.t‘.n kem^), 
hair, and wool fibers but arc riot a(!ciirate for lu'.terotypie.a! fibers, ibuisnian [8] 
observed a similar relationshi]) between siiale index: and diameter of libiir for fur 
fibers. With an increase in filler diameter, irrospoetivo of typo, Ihere is a cor- 
responding decrease in scale index, 'fhe relationshi]) is clearly shown in the Ap- 
pendix Table.s I-ill, whicli include all of the wool and fiber t}-])es. 

6. There seems to he no relationshi]) of any of the attributes- -numlxT of sis'des 
per unit length of the fiber, average visible scale height, numlier of seide;-; fier loOjx 
length along the margin, scale index —to breed or wool type. The, observation of 
Mirzoeva [17] that the. number of scales for a given length of wool (2G5p) mn! t.be 
form^and area (in (X“) in the purebred Merino, Turkmenian fat rnmpeii, loniiid, 
and Erok sliee'p are specific to the individual breeds may be true beean.se, of l.he wide 
range of variation in the types. However, this goueralizatlou is not n.e.enra.te 
when the types are more closely related. 

7. From the dilferent atbrihutos studied for the sealt- st.nietnre, if. ;t,fip(‘am 
that the undercoat of the wild specie,? studied was very similar to the andereoiit 
of mixed-wool sheep or the wool fibers of fine-wool breeds, and the oufwu- eoa,t is 
akin to thin kemp fibers of dome, Stic sheep. The number of scales jier I in. li'.ngth 
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and l()0|x width, of the fiber was the largest on the undercoat fibers of the deeij 
numbering 26,000. 

8. It is interesting to note that the scale structure of kemp fibers in the four 
mixed-type wools origii)atij,ig in England (Scotch Blackface, Hordwiok, Welsh 
.Mountain, and Swalcdale) all showed a similar shape and form — ^i'he scales were 
hexagonal in shape and were combined in a honeycomb-like structure (Figures 6 
and 6). On the other hand, kemp fibers from mixed type of wools from Asiatic 
countries all had the flattened and reticulate type of scales (Figures 3 and 4). It 
is probable that these special characteristics are related to the origin of domestic 
sheep in Europe and Asia. A study of the outer coat of Moiiflou, Argali, and Drial 
sheep, and of kemp libers from domestic sheep from these locations is suggested. 

Summary 

Scale structure and dimensions and fiber thiciknoss were measured m.i a mimber 
of fibers representing the different fiber types from fleeces of several wild life species, 
including the Big Horn sheep, and of fibers from the various wool types of domestic 
and primitive sheep, including the fine-wool, medium-wool, long-wool, and mixed- 
wool types. The scale index, or relation of scale height to fiber thickness, was 
studied as a means of identification of fiber types and as a breed characteristic. 
The relationship between scale structure and dimensions in the various animal 
textile fibers and the identification of the animals from which the fibers came were 
studied, 
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APPENDIX 
Table I 

Scale Chamcteristics and Outline an Wool Fibers 



Table I — eontd. 

Scule GJiaracteristics and Outline on Wool Fibers—contd, 



Table 1—eondd, 

Scale CharaSeristics and> Outline on Wool Fibers — conoid. 



Table II 



(Scale Outline and Charactenstics on Outer Coat Fibers of Wild Life and Kemp Fibe 
of Mixed-Wool Types 
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Two Hew Varieties o! Australorps. GeeicKj A. M. (1950). WorU’^ Poidtry 
^dewce /owmal, 6, 128-132 

T he two new varieties described are : (1) White, (2) Buf, Australorps, popular 
as remarkable egg producers, are black in colour. They were developed in 
Australia, by selective breeding from Black Orpington fowls (Meat type) of England. 
In 1931, two of the Black Australorp hens at the Agricultural College, Cape Province, 
showed colour changes in the feathers, and following the first annual moult in 1932, 
became pure white in colour (Mutation). 

In the following are given the results of experimental matings and close inbreed" 
ing;— 

A Black Australorp Male was mated to two White Australorp Hens in the 
parental generation. Seven chicks were hatched and of these one 
female was pure white at one year of age. In the following year were 
made Mother X Son and Brother X Sister matings. A total of 96 
chicks were reared. Five of the female chicks changed colour by a 
depigmentation process between 4 to 5 mouths of age. 

In the second filial generation the white variety carried the recessive white 
factor giving 3 bkcks to I white. White males are recommended 
for breeding purposes. 

The presence of a lethal factor associated with white in male chicks, many o f 
which died in the shell, has also been discussed. 

The standard description of the White Australorp, with the following excep- 
tions, is the same as for the Black variety. Plumage, beak, legs, nails 
and skin all white, eyes brown or red. The egg production of the 
Whites was at ‘par with that of the Blacks. As a table bird the White 
Australorp was found superior to the Black variety, It was also 
better suited to the hot climate of Africa. 

Black Australorps in which a few individuals exhibited red or buff feathers 
in the neck and back, were mated to White Australorps to weaken 
the black colour and over a period of ten years, buff progeny were 
produced. By close inbreeding subsequently, the standard charac- 
teristics and economic qualities of the buff variety were improved. — 
[S.G.L], 

Hortality o! chicks as affected by the floor Utter. Kbnnard, D. 0. and Chambisr- 
LiN, V. D. (1950). Worlds Poultry Science Journal, 6, 183-187 

T he frequent removal of the floor litter from brooder houses was the customary 
sanitary procedure in the control of Ooccidiosis. The losses of chicks experienced 
from Ooccidiosis and other diseases, when the floor litter was removed and renewed 
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at iV(‘(ju('i}t intervals, amounted to 19 per cent hut tlu'. lo,ss(‘s wore, rc'diujod (o 7 p('r 
cert after the use of {soiled) built-up floor litter. (loc(!idia.-mi<*Ht('(l birds wore 
present in all the pens irrespective of manage m<u)t of tin; floor lil.i.(‘r. P>y old iHiilt- 
np floor litter is meant the litter that was used for ])revious broods of eJiicks, iinhtors. 
It requires two or three broods of chicks before the lit.ter may In; (lonsiiienn! ;i.s 
sufficiently old and suitable to bringdown the mortality pere.{‘nl/a,g<; in chicks. Tin; 
continuous use of the floor litter for about a year, is reqnir<;d, before the full beiudicial 
effect upon the livability of chicks can be realised. 

In three of the four experiments condneted, the mortality of the chicks from all 
causes was less on old litter. When the chicks received an inconqdfde, ration, ?.c., 
an all plant diet deficient in riboflavin and the unidentified animal protein fac.tor 
necessary for the normal growth of chickens raised iinhxu's, t in; efiei-.ts of the <lilfe.r(‘nt 
kinds of floor litter upon the amount of niortalitv wore, ])rouonn('e<l. d'he- aadhor.s 
draw the attention of research workers to the urgent need for fundamental n'seareh 
relating to the chemical and biological processes that take, plae.e in tin' old iiuillmp 
litter.— [S.G.I.]. 

A Study of Meat Characteristics of Karakul sheep. IIankin-.s. (). <{., IIinokk. \ l . L. 

AND Simmons, V. L. (1951). J, Anim, Xc/, /P,2, :»99 1 1(). 

K AIIAK.IJL sheep are mainly a fur-produelng br(;od, but tlnwe falling short, of 
the fur standards are used for meat and woo^, production. This study with 57 
purebred and high-grade Karakul ewc.s at the .Agriculturul llest'arc'h (hulrc', Pelts- 
ville (U.S.A.), provides a basis for improving the. meat })roduemg tpudities of tin*. 
Karakul sheep. Conformation, slaughter, m(;iisuremeut of csircass. it.s eaits a, ml 
their eating qualities namely aroma, flavour of fat and lean, juichn'ss, t.end(;rm‘ss n.ml 
resistance to shearing, and the role of separable fat, h*an, total t;(lible imnit. a, ml bone 
in the production of marketable meat, are descri))<.;d ami tln;ir etleots discusse<l. 

Results showed that dressing percentage varied directly with fatness and live, 
weight at slaughter, the fattest lot dressing more than 5b pi'i; (amt.. Also, (a-u'e, asses 
of fatter eums graded better. Body length and fatness wcu’e not- correlat.ed. .'Vmong 
the throe most popular cuts, loin and rib outs imn’easisl rapidly with I'atnesst.o a, 
farther extent than leg cuts. The deposition of large amount of fal. in tin?, tail wa,.s 
a major factor for loss in triraraing. Increast; in fatness had a de(;r(‘ase in h‘an and 
bone, but increase in total edible meat. Fatness hfdp(;d tenderness much more 
than aroma, but juiciness was little affected.— -[S.V.O.]. 

The Influence of Nutritional Level on Verminosis in Merino Lambs. L.\uiu.:x(iK, 
G. B., Groendwald, L. W., Quin, J. I, Clark, R., Okti.ki'c, ii. d., and Bosman, 
S. W. (195.1). J. Vet. {(hnhf^lvpHm), 25, 121. 

/A MAfefe mixed inlcstation of HaenioiKshus Oontortiis and Ocsoplirigostomnni, 
^Columbiaimm larvae dosed to 7 to 8 month old mc.riiuj lambs ko.pt on two 
diflereiit planes of nutrition caused a peracute fata! v(;rminosis in a, 11 Ihe infe.st.fHl 
animals. A similar infestation when dost;d to lb to 11 tmuith old iambs iindar 
identical coiiditmns caused a chronic venninosi.s. This linding deinonstratos (Im 
greater susceptibility of young lambs to worm uifostation, ri*.gardle.ss of their diot^ 
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jiiid ,sk'<.',»sc.s i-Iie need of preventing mass infestation in young Iambs under all condi- 
lions, ju another experiment, it was observed that an increase of maize ration by 
300 gm. a day ca,iised a marked superiority in worm infested slice]) as regards their 
body weight, appetite for roughage, haemoglobin level, fleece weight and wool 
(ibre thickness. The immediate cause of death in cases of acute vcrmiuosis was 
pulmonary oedema. Phenothiazine was not only found to be superior to eitlicr 
tetraclilorethylene emulsion or copper tartarate and copper arsenate mixture as a 
vermifuge but also appeared to be a promotor of bilefiow. — ^[P.C.S.]. 

SECTION OF PARASMIOLOGY 

Critical Tests of Phenothiazine as an Anthelmintic for Horses. Gip-son. T. (195(f), 
Vet. Rec. 62, 341-342 

T he autiior has sliown that the efficiency of anthelmintics assessed on pre-and 
post treatment egg count is unreliable since the egg production of worms is 
inhibited after such treatment. The evaluation of phenothiazine in 30 gm. doses 
against stongyle worms conducted on the lines suggested in the Hall’s Critical Teat, 
was based on counting of worms that are eliminated in a representative faecal sample 
obtained froin animals on the second and third day after treatment taking also 
into account the worms obtained from the bowel washings after slaughtering the 
animal It was observed that the drug at this dosage, though effective against 
small strongyles, had low efficiency against the immature small strongyles. Its 
efficiency against large strongyles as reported by previous workers was largely due 
to higher dosages employed by them. — [D.B.N.]. 

An inactivated vaccine against Newcastle disease. Doyle, T. M. and Wrioht, 
E. 0.(1950). BriHsIiVet. J/.lOO, 139-161 

A n inactivated tissue vaccine against Newcastle disease has been described. It 
was prepared by inoculating hen’s ten days old fertile eggs with virus into the 
allantoic cavity and using those embryos which died within seventy- two hours and 
had extensive haemorrhages of the feather follicles. The chick embryos were 
finely minced and suspended in crystal violet-ethylene glycol 

Most of the vaccine was prepared from either ‘ Herts ’ or Turkey strains of 
virus and both of these proved satisfactory. Further work is however indicated to 
see if some other strains of higher immunogenic value can be found. 

Immunity was established about seven days after vaccination and persisted for 
at least twelve months, the longest period so far tested. The vaccine did not evince 
any untoward reaction, paralysis or check in growth, and could be used safely on 
chick from six weeks of age. It retained its potency for about five months in cold 
storage (2 to 4° C.). 

The vaccine gave rise to virus neutralising antibodies, but did not induce a 
jiositive haemagglutiiiation — inhibition reactiou---which is a considerable advantage, 
as it will not interfere with the use of haemagglutiiiation — inhibition test for the 
detection of naturally infected fowls. From the casual observations there seemed 
to be no adverse influence on egg production controlled tests however had not been 
undertaken. 
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Comparative tests on eggs anil fowls to dctenuiue. the i»olnl' of j!ia,(4/ival.ioa 
of the virus in the vaccine, during incubation slu)W(ul that l.iu^ egg t.esi. was h^.ss 
reliahlo, the failure of the egg test was probably the r(‘sult. of iuterre.reuee in Ihe. 
allantoic sac between inactivated virus and the ])ropiigatiot» of the residual aeiivc 
virus. The greater accuracy of the fowl test de])ended, no donht, to some, e.xteiit 
on the larger inoculum used. — [R.N.S.]. 

A Dilution Method for the Milk Ring Test in Bovine Brucellosis Detection. .Holm 
G. C., .Eveleth, D. F., and Rhealt, P. L. (1950). Vvt, Me, I XLV, lOO-KM 

T he authors have described a dilution method for tiie milk ring test) in bovim.=! 

brucellosis. A total of 1,044 milk .samples composite of <'ac.li animal, in 55 
herds, wore te.stod undiluted together with suflieient dilut.ions to iH'ach a m'gative 
end point. A constant amount of antigen, a dcc,rea.sing amount of milk and an 
increasing amount of diluent comprising of a m'gativc milk .s('leete<l iur its hufk of 
reaction and high butterfat content, were ii.scd. 'rin* m'gat ivc <lilm'nt. was pr<'S<‘rv<'d 
with formalin and .stored under refrigeration witliout a,ne.cting tin' test.. Dihitious 
of i : 1, 1 : 5, 1 ; 10, 1 : 50, 1 : 100, 1 : 200, I : 800, 1 : 100 ami 1 ; HOO in 1 ml. 
volumes were employed, dust after making tlui dilutions om*. drop of standard 
milk ring antigen (.supplied by the Bureau of Animal Industry, method of ])rt‘put'a"' 
tion of the antigen not mentioned) was added to each tube and thoroughly mixed. 
The tubes were then centrifuged at 1,500 r.p.m. for It) ininuies. Reatling.s were 
made according to the .standard of Bnihn and of Rix'.pki'. Th<'. stamlard a-tloptixl 
by the former author after inculcating the t.uhes at' 87\h for one hour is as follow.s : 
Negative : The creamlayer, white ; milk below, bluish violet. 

Doubtful ; Whole column, uniformly blui.sh violet-. 

Weekly positive : Bluish violet colouiv.d cri.'am ]a.yer forming a ring, the milk 
column not visibly decolourised. 

Positive *. Bluish violet ring, milk column })er('.cpi.ihly dei'idourist'd. 

Strongly positive : Distinct bluish violet ring, inilk column totally de- 
colourised. 

The results of the tests carried out on 998 e.ows, on t-he basis of blood Sf'rum ami 
milk ring reactions, and history, vaccination, previous positive reaidion and .stag*' of 
lactation arc tabulated. Out of the 998 cows test(*d 777, with m'gativi'. blood 
reactions did not react in a dilution higher than the I : 10 wif.h milk ring t.e.st exe.tipt 
in one case and only 4 in the group of 111 cow te.sts with suspieions'^hlood t-itres 
reacted higher than the 1 : 10 dilution. A total of llO e.ow tt*sts a.pp<'ar in tln^ 
group of reactors. Of these, animals whhdi had not bta'ii Viu-ciiiatcxl gave, milk 
ring reactions in dilutions of I : 50 or liigiier. The majoritv oi‘ Ih*' calf vaecinat,**s 
gave milk ring test reactions .similar to those ohsi'.rved 'in the negativ** and .susjx'e.t 
calf vaccinate groups. One-third of the adult vacciiiat*', n'aclors and t-hosc with 
known long standing infection reacted in dilutions Ixdow 1 : 50, indi<‘.ai,in<r 

that they were becoming ‘ Cease reactors \ ^ 

The agglutination inhibition factor, mastitis, I'.olostrum and ,s('cri4-,ions from dry 
cows, which may interfere in the ordinary ring test',, do not app*'a,r to aifeet t,h*', 
interpretation.s of milk ring dilution test.-~[M.M.8.]. 
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A Comparison oS the Efficacy of Solphamezathine (Sulphadimetliyl Pyrimidine) 
and Snlphaa^inoKaline in the Control of Experimentally induced Caeeal eoccidiosis 
in Chieks. Kenball, S. B, (1950). Vel. 6S, 381-382 

S ULPHAMEZATHINE and Sulphaquinoxaiiiie were compared at conceiitra- 
tious ranging from 0-025 (in water) to 0*25 per cent (in the food), the period of 
administration being usually from 48th to 120th hour after infection. Both drugs 
proved ineffective when administered from 72 to 96 hours after infection at a con- 
centration of 0-025 per cent in water. Both Sulphamezathine and Sulphaquinoxaline 
gave significant protection against acute eoccidiosis, at a conceiitration of 0*1 to 
0-25 per cent in the food. Sulphaquinoxaline at a concentration of 0-05 per cent iti 
drinking water proved markfkily more effective than Sulphameza thine in limiting 
mortality from experinumtally iji(iiieed eaecal eoccidiosis in young chicks. — [G. A.S.]. 

The fertility of bovine semen in extenders containing sulfanilamide, penicillin, 
streptomycin and polymyxin. Foote, Pv. H. and Bratton, R. W. (1950). J. 
Dairy SeL, 33(8), 544-47 

F ertility rates of bovine semen extended in 3-6 per cent citrate-yolk, con- 
taining no antibacterial agent, sulfanilamide, penicillin, streptomycin, polymyxin 
or a combination of these antibacterial agents were studied. For the trials, bulls 
having both low and high fertility rates were employed. The treatraeiit means 
for the per cent non-returns were not significantly different for the high fertility 
group of bulls. On the other hand, the addition of penicillin, streptomycin or the 
combination of all antibacterial agents to the extended semen of the low fertility 
groups of bulls resulted in an increase in the per cent of iioii-returnKS rates which was 
on an average approximately 10 per cent higher than that got using sulfanilamide, 
polymyxin or no antibacterial agent. The difference in fertility rates between 
different extenders on the basis of combined data fell just short of 5 per cent level 
of statistical significance. The authors conclude that the results appear to warrant 
the use of penicillin, streptomycm, or a combination of these plus polymyxin and 
sulfanilamide in extenders for bovine semen for the purpose of iiicreasiug to a 
limited extent, the overall fertility level of bovine semen used for artificial insemina* 
tion.-~[S.S.P.]. 

Inheritance of Susceptibility to Mastitis. Lush, Jay, L. (1950). J. Dairy Sci., 
33(2), 121-25 

C OWS coming from 15 herds in the Canterbury District and 12 herds in the 
Manawatu District reported on page 60 of the 21st Annua] (ff the Nf'W- 

Zealand Dairy Board, for the year ending 31st July 1945, were classified as ‘ siisco])® 
tible ’ or as ‘ resistant ’ according as whether they developed miistitis at any age or 
reached 8 years of age without showing the injection. The inci<l(',nce. for hcritability 
was sought simply through undertaking tests to find out whether siiscoptib](' dn.ms 
produced on an average a higher percentage of susceptible daught(‘,rs tlian the 
resistant dams in the same herd. For this purpose intra-herd regression of daughters 
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on daios was caia-ied out', and to ({oiupcumto for tho possihlo t'JToi'.t l.o \'i),t'i:),t!o)i 
ill total number of classilietl clams and the proportion of dams in i.tie, 2 .groups, wei^»U- 
kg of data was carried oiil-. The weight liually selected vva,s nk'/n [-k, where, n and 
k are number of snsceptUile and resistant dams respeetive.ly. 

The average inter-herd regression of daughters on dams using the nub hod wa.s 
0*259 for the 15 Canterbury herds and 0*161 for the 12 Manawatn herds, 'fhe ov(',rall 
average for the 2 groups w’as 0*191. The calculated estimate^ of heritabiiity of 
individual differences m siiscoptihihty to mastitis couiiis to 0*38 witli a range of 
0*06 — 0*70 for 95 per cent confidence interval. Though the author admits tJuit the 
data are scanty to draw conclusion within narrow limits. Tin* results obtuined, 
indicate good evidence that heredity plays a modm'ately hirgc^ pari, in e.ow diiveloping 
mastitis* Selection against cows whicjli are scwc'rt'ly alfeelsMl, or IniAU* sevcu'ely 
affected sisters or daughters, is suggestek as a gcnietic metliod of <'oni rolling tlie 
incidence of mastitis.— [S.S.r.]. 

Rearing Chicks on Home Grown Feeding-stiitVs. Shaw, It. 11. ano Nioht- 

HAi.L. E. W. IVor'd’.s' Pon'tni Joiinrd 6, 3, 201 -20(1 

T he results indicate that (kicks can be reju’cMl on a ration wnthont any pi'<)icin- 
rich supplement provided they have acicjess to good grass. A liateli of 192 
chicks was divided into three ecpial groups, (iroup ■■ .A ’ wa,s led on Sus.sc^x ({round 
Oats plus minerals, Group ^ B’ on Busse.x Grountl ()at.s, ih^aii Meal plus minerals, 
and control Group ‘ C ’ on a more normal mariiyg ratioji. (kal lavtu* Oil was ine.lud«‘(j 
in all rations for the fir.st ten wc'.eks. All niasln‘s were* fed dry wiili grain fed in the 
evening. The chicks were allowed on to tlic grass in cjove.red win* runs ah ten days 
’old and were moved daily. The avtauge gr«)wth of (kielicais in Groups A and B were', 
slow ill the early stages but im])roved fairly rapidly a,s maturity was re.aelied. At 
eight w'eek.4 the average weight per cliielvcm in Group ^ 0 ’ was 9'<Hr> cw. more, tium in 
Group ‘ B ’ and 8*26 oz. more than Grouf> A, ’ (no protean snfiphmient). At tw('lv*e. 
weeks the diffcrenccis in weight wesre not. mueb greaica* a, ml a.t 24 weeks tlm aventge 
body weight of tlie pullets in Groups A, B a.ml G were. 5,8*9 !, (!t)*7T and T!*T(t oks. 
respectively. Better e.arly growth would probably lx; obtained if a. more palatable 
vegetable protean were used. It was observed that growing chickens waudtl not. 
graze well unless they were given sulFicicmt palat able food.s to keep tlie.in camt ended.— - 
[S.B.]. 

Significance ki the Differences in Digestibility oi Feeds by Cattle and Sheep. 
CiroLLON, M. A., SmiNrsTOKR, B. H., Lucas, 14 . B., a^^d 1 >avlk(iii, IL M. {1951). 
f/. Mwm. /SVk 10, 3>37-34H 

I N the United State.s, although (;attle accoutit for 91. pea* cent of t he tot-al lee.d 
consumption by rnmimmts, as many as 71.*5 pin: (icnt of tin? digi'stion trials 
with ruminants have b<;en conducted on sh(;ep. Generally t.ln; efliehuu-.v of digest ion 
of feeds by cattle and sheep has Ixieii tahm to lx; (‘.ssentially the sa’mm Bui. on 
critical investigation of tlie publislied data allowing direct comf)a,rison ol’ t lx* dige.s- 
tive efiicieiuiy of catt.lo and sheisp fed identical rations, it sixuns that lUc digtsfikm 
coefficients for the two speci(;s may not bo cpiite int(irc.iiangeablc. 
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Wil.'li tills possibility in mind statistical study lias been made of piiblislied data 
oil a total of 27 (V.eds including dry roiigbages, silages and concentrates, involving 
1912 trials by 385 authors. The data include proximate composition and the 
digestion coefficients for organic matter, crude protein, crude fibre, nitrogen-free- 
extra ct and ether extract and the contents of the total digestible nutrients in each 
of the three feed classes. To make the comparisons fair covariance adjustment for 
jiroximate composition was conducted. In case of dry roughages significant 
differences between species of animals exist for the digestibility or organic matter, 
crude fibre and nitrogen-free-extract and the contents of the total digestible nutrients, 
in case of silages and concentrates, the differences for the two species were significant 
only for other extract. Thus the average differences for dry roughages are in favour 
of cattle on all nutrients and for silages, although significant only for ether extract, 
indiont.o that cattle tend to digest silage better than sheep. The average differences 
in ease of cone.eiitrates, however, favour sheep on all the nutrients. Significant 
Hpcei(‘s-by-fe('<l interact ioins were also observed for digestibility of proteins from 
roughagi's and that of ether extract from coiicehtrates. 

Jn view of ihe non-interchangeability of the digestibility data for cattle and 
sheep and the much larger consumption of feed by cattle, it is suggested that more 
digestiliility work lie done on cattle rather than on sheep so that greater accuracy 
may be attained in the application of the data, — [S.S.N.j. 

Factors Affecting the XJtiliziation of Food by Diary Cows. 1. The Bate of Passage of 
Food through the Digestive Tract. Balgh, C. 0. (19.50). Brit. J. Nutrit. 4, 361 

T h is work was undertaken to investigate factors that may influence the effici- 
ency of digestive process in cows. Experiments were conducted to study the 
relative rates of passage of hay, chaff, ground hay and concentrates and to find out 
tlie causes and effects of different rates of passage. 

The inetliod for measuring the rate of passage of food consisted of feeding a 
small meal of stained food and counting tlie stained particles in subsequent voidiugs 
of faeces. The principal marked food was hay. Excretion curves were drawn to 
show tlic percentage of the total residues voided at any time after feeding. 

Excretion curves for hay were characterized by an initial appearance of marker 
in the faeces varying from 12 to 24 hr. after feeding, a slow excretion of the first 10 
per cent of the residues followed by a higher rate of excretion typically resulting in 
the passage of 80 per cent of the residues within 70-90 hr. Excretion then proceeded 
more slowly and was completed 7 to 10 days after feeding. These curves also showed 
that in any one cow hay was excreted at a slower rate than any of the other foods 
studied. 

Ground hay given as a small addition to luiground hay was invariably excreted 
more rapidly than the unground hay. Ground hay in diets in which all the hay was 
ground was usually excreted over a longer period than hay in a vsimilar diet 
in which the hay was not ground. These differences were due to cJianges in the move- 
ment of the foods in the reticulorumen. Excretion curves for chaffed hay and 
gTOund hay mixed with liay showed that finer particles were exfuvted more rapidly 
tlian larger ones ; in. some cows chaffed hay behaved like hay, in others like ground 
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]iay. OoUun-RctMl liuaks in couconiL’utiifi \v<'.r« nx(‘-r(.‘.t<'.<l at. a, (aniHitlfnilily laslo.t ral.a 
tliaii lia y, 

Iniiiioncc uf niaugoltls on t-lie ruic of [»Hssag(^ of lia.y 1 li rough I ho ivi iouloninim 
was jiot the same ^vith each cow. The ditferejice a[»poa.r<‘(l to ho rolatoti to 1 ho total 
intake of dry matter. Indirect evidence 8Uggi‘.st<al t'lnit tlie i‘ato oi j)as,sjig«‘ ol itnin- 
golds from the rcticnlorinnen was num*. rapid tlnin that of hay. .Passage, of loods 
through, the omasum, the abomasum and the iiite.stiii(‘S t<mdi'd t.o la*, rapid ■when the 
diet i.ncluded a high proportion of water, 

A decreased rate of ])assa.ge of food through tl'U' r<‘ticii]oruuien was aooomjainied 
hy a. raised digestion of crude fibre aiul a lowered appanmt linaad iligt'st ihilit y coeflP 
ceiiit for crud<' protein and ether (ixtractable suhstaana's.- -[.A."\\’.Z. ] 


Procaine Penicillin and Interrupted Penicillin Treatment in Streptococcus agalactiae 
Mastitis. .llmniKS, 1). .L., (hiaiSTiio, (1. T., and Karmkh, IP K.flPott) Vet. !ur.. 

62(2), lid I: 

T he authors deserihe a, S(>t of experiments condiichal with a view to detm-niining 
the penicillin level folloAving the luhha’ infusion and also n*(;urtl j ho eomparativc 
therapeutic trials conducted with procaine and (aihaum penicillin in am inlVct ion of 
aS'imp/ofocrus a<jtdai‘,lUw. As a resnlt of tlu^ preliminairy triads it wais lound that, I, 
whereas, the cailcium pe.iiicillin piwsisto.d in tln^ udder for sixty iumrs the proeaim* 
penicillin wars demonstraitea I for aihoiit twtdve lioui’s longcrtham thec.-dcium penioillin, ■ 

111 the second seritxs of <'.xp<a‘imeiits eit iuM' salt of pamioilHii wa»s amiphnoM] in 
animads confirmed to he having an infetjt.hm of aS7ro/a/orn('o?/,s- fu/u/u.'7n/o on milk 
saimjding. The dos«‘. administered c.ompriscd HKhnOtt units paw apiairter on two 
occasions ait a 72 hours iutervad. Tin; iiitervail htatwtMui the t wo infusions wais phmiied 
by reff^rring to the earlier literaitun' which siiggcsta'd thait the: internipteai pamiadllin 
t]’catme.nt might adlow' some of tlu'. sniaill orgauiisnis, referred to as persislers. to 
multiply during the intermission amd thus rendering them susaaeptibh- ht treait incut 
when it is recommenced. Along wit h tJiis the petiieillin ointment wais aijapliesi to tin* 
toads and to the milkers lianids with a viawv to ohviading tlm ehaiiua s <d’ skin iiitect ion. 
Thus, out of twenty one cases treaded with proeaiiim ]»t'nhaiiiin two resisted tin' t read- 
raent (90-5 iier cent bacteriological cun;) amd of 25 a.iai,s(‘s sul)je<‘led to aa simihu' t reai.t- 
ment with calcium penicillin one failed to respoml {9r> pan.' cent baicleriologicni 
cure).— [N.S.D.] 


The Resistance of the Young Call to Bisease. MciEwion, A. I). (lUbid. PeP /*Vc. 
66, 83-93 

N ew born cavives during their first 2 weeks of life, W(‘re. t';u!)]<'eia>d to vaariaitions 
in mamigenuMiti amd feeding amd the results were eompiifed in terms of survival! 
and generail condition. Oadves kept under <u)l< I amd damp conditions did not. show 
increased susceptibility to diseaise or deadli, although tliey haid a setbac-k in health 
amd performance. Pooled colostrum kept at t, hawed amd paast.mirb.ed ivais am 

elb'ctive subst.itid,e for fresh colostrum. Oalvcs deprived i>f (uilosi rum showed wide 
viirialions in susceptibility. J^Hleets of feeding calf senun. eolostrum wlu",, favsh 
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BAMYim m INDIA, 1951. Bv James N. Warner Puhlishe'J hi/ MacMilku) d; 
(■(}. htd:, CalmU'a. Pp. 380, Pries Us. J3 

T iiftS hook. |»iI)lLs]]od nndor tlie jiuspioes of tlie Indiim Couiici] of Agricultural 
Rosoaroli, is the second of a series of inamialvS relating to aiumaHiusbandry 
suhjeefs. n is <!ivid(al iiit(h 15 eliapters. The hrst 3 cliapters deal with dairy 
iiirming. nianagtanent <d‘ dairy cattle and physiology of milk secretion. The fourth 
cliapler pn'staiis information on the composition of milk, factors affecting the same 
and the nntrilive finalities of niilk and milk products. The iie.xt 2 chapters deni 
mostly with ilu‘ gt mnnl methods of chemical and hacteriological analysis of milk 
a.ml milk pi-odncts. ('Iia[)ter VI I is coiilincd to dairy engini‘eiing jtrolilems connected 
M'itli thf' management and in.aintenance of a dairy lierd and the ojierations of a 
<hiivy or cniainery. 'Pile next' chajffer cov(‘rs the princijiles underlying such common 
operations as ))asteufisa.tion, Sfipaant ioii, homogeniHation, and cleaning and sterilisa- 
tion »>f dairy e((ni])mcnts. tha]ite,rs JX and X present cuniprelnmsive informa.tion 
on the iindliods of maniifae-tim', properties and uses of indigenous dniiy products. 
Chapter XI deals with the princip](\s of prodne.tion of casein, cheese, ice cream, 
evaporatt'd and drietl milks. The next 3 chapters deni with milk production records, 
dairy ho<ik keeping, maiketing ofmilk and cooperative (laiiying. The last chapter 
presents some information on goals and other animals as milk protlucers. 

A few statements de.s(*rvai some modification ; l*a.ge 2-1, * The calf should he per- 
manently mark'ed Siion after birth. This may he tlone hy branding.’ Branding is 
not usually done soon after birth. Page 66, ' Of tlie amino acid present in casein 
and albumin, at least three am essential.’ Ten amino acids are now known to be 

essential. Pago 69, ' The (juantit.y of vitamin D found in milk depends. 

particularly on the amount of green feed’. It is vitamin A which is markedly 
influenc/cd by the, green feed. Page 90, ‘ In forewarming milk it is heated to as high 
a tempf-wature as 230“F and held tor 5 to 10 minutes.’ At such a high teinperatuia; 
the, holding period is usually miicli le.ss. Page 192, ‘ Trisodium pliospate is a 
valua.ble cleaning material. Its corrosive action may be largely overcome by adding 
to it 5 per cent potassium bichromate ’. Dichromate is usually used to prevent 
corrosion by brine and not in cleansing materials. 




This book attempts to cover all aspects of dairying in India and as such, a few 
pages miglit have been allotted for a description of some important breeds of cattle 
and systems of breedi ng (page 3). More information would be useful on the nutritive 
value of milk (page 71), its supplementary effect, etc. Some attention coiild have 
been paid on the computation of simple dairy rations (p. 26), on the method of deter- 
mination of Reichert value and detection of adulteration in and on the calcula- 
tion of total solids in milk by Richmond’s formula, 

1 Due to the delay in the publication of this book, the information presented by 

the author in some places have to a certain extent become out of elate, but this defect 
will no doubt be remedied when a new edition is published. 
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The material is presented logically and in an CHHily undersiMiidjihle t'nnu. The 
general get-up of the hook is good except fora, few inisprinls. 1Xie. hook is well 
indexed and should prove of value to all Avho are inteiysted in dairying, es|te<-inll> 
students, toacliers, field Avorkers and those engaged in dairy Imsinass. ( Kd kS. ) 


MTERATURE REVIEW ON FATS AND OILS, 1950 

{pyMd&hed by tJiG Ctmticil of Scientific and Imlmtria} Research . Neir IkJhi Rbyk 

Pp. 28 

T his pamphlet deals with a review of the lil.eratnre on ifds and fats for t he yea r 
1950. It is divided into 2 sections. Section 1 deal.s with hydrog-euated fats 
under dilfert'nt heads, viz., jirodiudion and trade, cliendstry and teelmoingy of liy 
drogenation, nutritive value, applications, identilitialioji and analysis. Sectitui 
2 pertains to edible oils and fat.s and the main su))hea,fls an* jirodinhion and t rade 
composition and structure, XV^dhcsi.s, toohnology a,iu} jtroe.essing' : deterioration and 
spoilage ; nutrition and metabolism ; ami lastly nndliods ofanalysis. 

This pamphlet is presumably iiitendeil for re.searidi wcrlo'rs am! ot hers int erestiMi 
in the field ami as such its usefulness is uarvowwl down lasanise (d’ the lat*' smlili<aili<ni. 
The printing and the get iij) of tlui pa.m])hlet is good except Ibr a, dm' ndsjiriuts, 

(K.aS.). 


GENERAL ZOOLOGY 

By Tracy I. t^Toinut (Published by Mo ilratr-llPf, [Itiirvi'sity tf (Mifovnia af 
Davis in the Zmhyiml Sciences, Scamd Hdition, P'p. 1882, irith tnany fiyaret^ 

T his Avell known text book has binm .so revi.se<l and jiresented in t Ids setamd edition 
that the Bignificaiit deAmlo]mieu1:s in Zoology have been imunporaied in a form 
which, can be easily understood by st.ude..nts iji (lolh-ges and i iniAanwities. 'rill re<;en1 ly 
Zoology Avas studied mainly as a. ilosoiiptiAu* f^eiiaxuv with tin* basic knowhulge of 
comparati\*e. anatomy mostly dcA'oid of considej-ation of runctions and niecJiuni.'die 
conceptions of the process of life and all the text books dealt wit h the .sulmx-t matter 
accordingly, but with this cluiugi* from niorjihology l<t khysinlogy as tlm iamie 
theme text books have to be AATitten Avitli the same modern tnmd of thought ; and 
Ge^ieml Zoology by Tracy T. Storer is a good e.vum pic of this change in Text book 
Avriting, 

Th(i book shows iii its present icvised form a considtnalde exn* and (-ontain.' 
much u.seful information on almost all tojncs of Zoology, it is uni(jue in 1 his res])ect 
and is up to date. The Avhole aecoiml i.s well Avritten'und illii.'.l ruled with the mo.^i 
suitable diagrams. Most of the illustrations are tuiginal, elem ami add greatly to 
the iisefiiiiiess of the book. 

l^art I on General Animal Biology deals cmnpo'heiisiveiy wilh the various suto 
jects, notably Organs and Organ systems, Heredity and (hauhie-,. Auiinal Ecology, 
Distribution of animals, Organic EAmliition, History of Zoology, ( 'lassifieat ion a7id 
International Rules of Nomenclature. The chapter on Ibn-edity ami (,hmeiie,.s 
explains in the most lucid manner the particulars of the subject in t]H^ light <if mo-d 
recent advaixcements. Addition of such subjects as hormones, gmietie.s of human 
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.st<;;red milk, milk wliey, cow aerum and effects of injections of calf serum, cow 
serum and colosi rum wliey have been tabulated and discussed. Feeding largo quan- 
tities of Baai. coli. had no ill effects. Agglutinins against Bmaella abortm rose higher 
after injections of immune sermn than after feeding, but the titre in both cases 
dro]>j)ecl by the .‘ird week. Bactericidal properties of blood were similar for animals 
ra u^fing ii i age from one day to one month and before or after feeding colostrum. The 
resistance or inmmnity enjoyed by the calf, either as a result of ingestion of colostrum 
or acquired in otherways, is discussed. It is suggested that immunity, in so far as 
Bact. coli infection is concerned, is independent of immune bodies to the organism 
a ncl this immunity is comparable to that of a disease resistant animal. (T.P.B.). 

A €omparision oi the Effects of Aureomycin, Penicillin and Streptomycin upon 
Spesmatozoan Livability and Control of Bacteria in Bovine Semen. Myers, E , M. 

ANT) Almquist, J. 0. (1951). Anim. SoL, 10(2), 322-330 

T lll^ jiiipcr deal with the effect of aureomyoin upon spermatozoaii motility and 
the control of bacterial growth in diluted bovine semen. The results are com- 
f>ared with, tiiose obtained with penicillin and streptomycin used singly and in 
oombinatio,u. Data on stability of aureomyoin in stored semen samples is also 
preHe,nted. 

The tests were carried out on 24 ejaculates. In all seven concentrations of the 
drug namely r2'5, 25, 50, 100, 250, 500 and 1,000 [xg. per ml. of diluted semen were 
tried, in addition to the control, and the samples containing 1,000 units each of 
streptomycin and penicillin used singly and in combination. 

r2*5 and 25 gg. concentrations were found to be not toxic to the spermatozoan. 
while the higher concentrations certainly were. With 50 pg. concentration the toxic 
effect was manifest in the later half of 14 days storage period. Levels above 50 pg, 
though spermicidal, materially retarded bacterial growth during the storage period 
studied. 

Penicillin and streptomycin used singly or in combination showed lesser sper- 
micidal properties than aureomycin hydrochloride ; the latter however, was equally 
e,ffiGaoious in controlling bacterial growth. A concentration of 60 pg. per ml, of 
aureomycin hydrochloride is recommended for routine use at artificial insemination 
centres •where semen is not normally retained for more than 4 days from the. time of 
collection. 

During storage in diluted semen, aureomycin was found to be relatively stabler 
at 4-5*0. than at room temperatures. (>S.S.]P.) 

Spennatozoan Motility as a Measure of Semen Quality. John F. Lasley (1951). 
/. ^c/., 10(1), 211-18 

T he pa])er discusses data for 78 ejaculates from seven registered Hereford bulls. 

Motility v/as judged on basis of percentage of motile and progressively motile 
spermatozoa. Techniques are described for making these determinations. 
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Foui^Jistiiict grciip.s o;l^spmmtoz<m n;tv nunit'ioiHBl in liolli fivsli .‘im! fciir fl.i v.s 
stored .semen. Storage increased the dead, ]iv<' hut non- nioi.ile, and ucakly inuiiK* 
sperm gron]),s, but (iiinini.slied tte progressmdy niofik* .sperm gronp, (Vom b(*P per 
cent :in average fresli semen to 14 *2 per c<nit in semen .stonsi uifli egg vt ilk, A,s 
progressively motile spiu-ni cell.s were aloim believed to talo' part in I'cil ilixal ion. 
caution in e\ndnation and use of semen is advised. 

Correlation, s between different groups a.ndtlie relationship bei ui'euspmm tnot iiit y 
and conception rate- are disemssed. Percent- motile .sjx'niiat < ixoa a,s detm iiiined by 
haeinaoytonieter count was Pound to be a good index of niotilit-y. (S.V'.t 

The use of Lapiiiised Rinderpest virus vaccine to replace the aunuai inorula-iion of 
cattle previously protected with inactivated formoiised spleen vaccine. BnoTMi.nm rnx, 
J. Cb ANO) Prjjuar'vsi?, H. S, />'. ['.f. lir-t, 3, pi ;-!()(» 

T JIE smaioss of lapiniscd rinderpe.st virus vaocim* baring' la-oii .n rhdiucd in 
China, .Hong Kong and lOa.st Africa, eii-., in proleeiing iiia.hh' ‘-n, npP ilslo 
cattle, a held experimmil was eondueted l»y tin* ant hors at a rirm in Kmiva. 
having all high-grade siise.tipfible cattle. 

Tlie .state of immunil.y in cattle inoculated inonliH back witJj rimnalinc 
inactivated lindinpest tis-sue virus "was te.sted by giving; il cal tie a (dtallemfc dose 
of virulent live, virus when only 2 animals oid of 1 1 snr\ ived. \ biOcdi of j/» cal 1 Ic 
immunized wdth formnline inactivated splccji vaccine bi nioni h.. and iP davs ludbrc 
was then given an immunizing dose of lapiniscd vace,ine and ('halhmged wilh live 
virus 25 day.s after immunization wdien only one out of PI cal tie slnnve.l tiu'rmal 
reaction. La.stly J 20 suscejitihlc wea tiers, aged 8-12 month, were gi\cn iaj(ini,sc«l 
virus vaccine and challengi'd 25 day.s latm- willi virnlent live virus wiam all caiile 
remained normal- -one having died of Kasi. (Xnisl. Fever. 

This proved the potency and superiority oP the lajiini.st'tl vaccini* <t\cr t,h,‘ for 
mali.sed one,. .Lapinised vaccine, is cheap-- one rabbit pnaiucang 500 tkio c;*ti Ic drjsc.s 
many thoii.sands ofwhicii can be packed in a. small conlainer, its aniigcm'c property's 
can be more accurately and quicldy titrated and l.lii? react ion being vimy mihl there 
is no advcr.se effect on milk yield or pregnancy. Immunity i.s cmiienv/l Hi Itto lirs! 
after vacemation and this rapid protection make.s it u.sePul’in combaiimf outl>rcd's* 

fB.N.G.l " ‘ 
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l,l„„4 fxn.ii|.s, p.,i,.,l,.ti.ui,s l.nnmii and tl.a rclaH..). i.l' lo navura. 

llilva lnaMl iiumIi'. ■ ... 

1 .,.,,, 11 ,K.ali„a witi, Ilia ua„-|.lu,lo.-y a.ul systa.na(;i.« of 1,1... various .l.v,.s.ous 

oi a.Huai kin.Miom isuMuiiui i<u a i,onu.,i stu.iv 

a -|;.■aial.'.lU(lvor4ilT.■l■alll piimiKforvvIiiallBiaaaallo.'itliooUiiroiian ss.iiy ha 
l iahllv ivoillall 'rba sviioiaaisorolassifioiltlou, liottl^wr. doas c.-vti-iul down lou]( ■ 
; a uTh' ^u iurilailh^ At the and .ddau.lMdu.,har a ^ 

li.l or rafaianaa' is aivaii. rhaplar on Maiikiud .\ian s I'blaa in iiidaira should, 

.laval, liava I n'.uo,a aoiul.laliansiva aud alumid hava .laall wil . 1 hv avolu lou 

o.f mail iTom Iha [.oilir of viavv of tha rcaaid di*OVa,rian of ana, am proto-luiniau tlllda. 

(U.I!.;V1.). 


t'o natlind 
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